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@) Antibiotic carbapenem compounds. 

@ The present invention relates to carbapenems and provides a compound of the formula (I) 




wherein : 

R 1 is t-hydroxyethyl, 1-fluoroethyl or hydroxymethyl ; 
R 2 is hydrogen or C^aJkyl ; 
R 3 is hydrogen or C^alkyl ; 
P* is of the formula : 




and one or two of A,B,C,D,E,F,G and H, are nitrogen and th remaind r are CH ; and P is bond d to the 
qq nitrogen of the linking carbamoyl group by a carbon atom, in either ring, is substituted by the carboxy 
if} group on a carbon atom, in erth r ring, and is optionally further substituted, by up to three substitu tents, 
Q on a carbon atom, in either ring ; or a pharmaceutically acceptabl salt or in vivo hydroiysable ester 

th reof. Processes for their preparation, int rmedtates in their preparation, their use as therapeutic 
Q- agents and pharmaceutical compositions containing them are also described. 
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Th present inv ntion relates to carbap nems and in particular to such compounds containing a carboxy 
substituted bicyclic nitrog n containing ring system. This invention furth r relates to processes for th ir prep- 
arati n, t intermediates in their preparation, to their us as therapeutic agents and to pharmaceutical c re- 
positions containing them. The compounds of this invention are antibiotics and can be used in the treatment 
5 of any disease that is conventionally treated with antibiotics for example in the treatment of bacterial infection 
in mammals including humans. 

Carbapenems were first isolated from fermentation media in 1974 and were found to have broad spectrum 
antibacterial activity. Since this discovery substantial investigations have been made into new carbapenem 
derivatives and many hundreds of patents and scientific papers have been published. 
10 The first, and so far the only, carbapenem to be commercially marketed is imipenem (N-formimidoyt thie- 

namycin). This compound has a broad spectrum of antibacterial activity. 

The present invention provides compounds with a broad spectrum of antibacterial activity including both 
Gram positive and negative, aerobic and anaerobic bacteria. They exhibit good stability to beta-lactamases. 
In addition representative compounds of this invention exhibit favourable pharmacokinetics. 
15 The carbapenem derivatives referred to herein are named in accordance with the generally accepted semi- 

systematic nomenclature: 
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Accordingly the present invention provides a compound of the formula (I) 



30 
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wherein: 

40 W is 1-hydroxyethyl, 1-fluoroethyl or hydroxy methyl; 
R 2 is hydrogen or C^alkyl; 
R 3 is hydrogen or C^alkyl; 
P is of the formula: 




so 

and one or two of A,B.C,D t E,F,G and H, are nitrogen and the remainder are CH; and P 1 Is bonded to the nitrogen 
of the linking carbamoyl group by a carbon atom, in either ring, is substituted by the carboxy group on a carbon 
atom, in either ring, and is optionally further substituted, on a carbon atom, in either ring, by up to three sub- 
stituents selected from halo, cyano, C^alkyl, nitro, hydroxy, carboxy, C^alkoxy, trifluoromethyl, C^alkoxy- 
55 carbonyf, amino, C 1-4 alkylamino, di-C^alkylamino, C^alkylSCO),,- (wh rein n Is 0-2), C^alkanoylamino, 
C 1 ^ 4 alkanoyt(N-C 1 ^alky1)amino, carbamoyl, C^eaik nyloxy, Chalky! carbamoyl and di-C^alkyl carbamoyl; 
or a pharmaceutical^ acceptable salt or in vivo hydrolysabl ester thereof. 
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Th t rm alkyi includes all straight and branched chain structures, for example. C^alkyl includes n-butyl 
and 2-methylpropyL 

Preferably R 1 is 1-hydroxyethyl. 

R 2 is hydrogen or C^alkyl for example methyl, ethyf, n-propyl, 1-methylethyl and n-butyl. 
Preferably R 2 is hydrogen or methyl and in particular R 2 ts methyl. 

Particular bicyctic ring systems for P are qu incline, tsoquinoline, phthalazine, quinoxaline, quinazoline, cin- 
noline, 1,8-naphthyridine, 1,7-naphthyridine, 1,6-naphthyridine, 1,5-naphthyridine, 2,7-naphthyridine and 2,6- 
naphthyridine. 

Preferably P 1 is quinoline, isoquinoline, quinoxaline or quinazoline. In another aspect P 1 is quinoline, qui- 
noxaline or quinazoline. Most preferably P 1 is quinoline. 

R 3 is hydrogen or C^alkyl for example methyl, ethyl, n-propyl, 1-methylethyl and n-butyl. 
Preferably R 3 is hydrogen or methyl. 
Most preferably R 3 is hydrogen. 

Suitable substituents for the bicyclic ring system include, for example:- 



for halo: 


f luoro, chloro, bromo and iodo; 


for C^alkyl: 


methyl, ethyl, propyl, 1-methylethyl, butyl and 2-me- 
thyl propyl; 


for C^alkoxy: 


methoxy, ethoxy, pro poxy, 1-methylethoxy, butoxy 
and 2-methylpropoxy; 


for C^aikyl carbamoyl: 


met h yl carbamoyl , et hyf carbamoyl and propylcarba- 
moyl; 


for di-C^aikyfcarbamoyl: 


dimethylcarbamoyl and diethylcarbamoyl; 


for C 1-4 alkylamino: 


methylamino, ethyl ami no and propylamine; 


for di-C^alkylamino: 


dimethylamino, diethylamino and methylethylamino; 


for C^alkylStOJn-: 


methylthio, methylsulfinyl and methyisulfonyl; 


for C^alkanoylamino: 


acetamido and propionamido; 


for C^alkanoyKN-C^alkyl^mino: 


N-methytacetamido and N-ethylacetamido; 


for C 2 _calkenyioxy: 


ailyloxy and vinyloxy. 



Preferably when P 1 is optionally substituted, the optional substituents are selected from halo, cyano, C^al 
kyl, nitro, carboxy, hydroxy, C^alkoxy, carbamoyl, amino, trifluoromethyl and ailyloxy. 

The present invention covers all epimeric, diastereoisomeric and tautomeric forms of the compounds of 
the formula (I) wherein the absolute stereochemistry at the 5-positbn is as illustrated in formula (I). When a 
bond is represented as a wedge, this indicates that in three dimensions the bond would be coming forward 
out of the paper and when a bond is represented as hatched, this indicates that in three dimensions the bond 
would be going back into the paper. The compounds of the formula (I) have a number of other centres of optical 
activity, namely: within the group R 1 (when R 1 is 1-hydroxyethyl or 1-fluoroethyl); at the 6-position; at the 1- 
position (when R 2 is C^alkyl); and at the 2* and 4* positions in the pyrrolidine ring: 




(II) 




Preferred compound are thos in which the beta -lactam protons are in trans configuration with respect 
to one another. When R 1 is 1 -hydroxy thy! or 1-flu ro ethyl it is preferred that the 8-substitu nt has the R- 
corrfigu ration. Thus a preferred class of compounds is that f the formula (III): 
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and pharmaceutical ly acceptable salts and in vivo hydrolysable esters thereof, wherein P 1 , R 2 , R 3 and optional 
substituents on P 1 are as hereinbefore defined. 

When R 2 is C^alkyl for example methyl it is preferred that the compound is in the form of the 1 R config- 
uration. 

15 Preferred compounds are those in which the pyrrolidine ring has the following absolute stereochemistry 

at the 2'- and 4*-positk>ns: 




A suitable class of compounds of the present invention is that of the formula (IV): 




(IV) 



and pharmaceutical^ acceptable salts and In vivo hydrolysable esters thereof; 

wherein P\ R 3 and optional substituents on P 1 are as defined hereinbefore in formula (I). 

40 |n another aspect a suitable class of compounds are the compounds of the formula (IV) wherein R 3 is hy- 

drogen, methyl or ethyl; and P 1 and optional substituents on P 1 are as defined hereinabove In formula (I). 

In yet another aspect a suitable dass of compounds is that of the compounds of the formula (IV) wherein 
P 1 is optionally further substituted by one or two substituents selected from methyl, ethyl, hydroxy, carboxy, 
cyano, fluoro, chloro, bromo, carbamoyl, nitro, methoxy, ethoxy, pro poxy and aJlytoxy; and P 1 and R 3 are as 

^5 defined hereinbefore in formula (I). 

A particular dass of compounds of the present invention is that of the formula (IV) wherein: 
R 3 is hydrogen or methyl; 
P 1 is as hereinabove defined in formula (I); 

and P 1 is optionally further substituted by one or two substituents selected from methyl, ethyl, hydroxy, carboxy, 
so cyano, chloro, bromo, nitro, methoxy, ethoxy and allyloxy. 

A preferred dass of compounds of the present invention is that of the formula (IV) wherein: 
R 3 is hydrogen; 

P 1 is as hereinabove defined in formula (I); 

and P 1 is optionally further substituted by one or two substituents selected from methyl, hydroxy, chloro, car- 
55 boxy and allyloxy. 

A more preferred dass of compounds of the present invention is that of the formula (IV) wherein: 
R 3 Is hydrogen; 

P 1 is as hereinabove defined in formula (I); 
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and P 1 is not further substituted. 

Particular compounds of the present invention ar f for example, the following compounds of the f rmula 

(IV): 

(1R,5S,6S,8R,2'S,4 , S)-2-(2-(8-carboxyquinol-6^^ 
carbapenem-3-carboxyiic acid; and 
(1R,5S.6S,8R,2'S,4*S)-2-(2-(6-carboxy^^ 
carbapenem-3-carboxyiic acid; 

(1R t 5S ( 6S,8R,2'S f 4 , S)-2-(2-(7-carboxyquinol-5-y1carbamoy1)pyrrolidir>^ 
carbapenem-3-carboxylic acid; 

(1 R 1 5S,6S t 8R,2*S t 4 , S)-2-(2^3-carboxyquinol-2-ytrarbamoyi)pyrralkiir^ 
carbapenem-3-carboxylic acid: 

(1R 1 5S t 6S,8R,2 , S,4 , S)-2-(2-(2-<^rboxyquinol^yfcarbarr»oyt)^^ 
carbapenem-3-carboxylic acid; 

(1R,5S t 6S3R,2 , S.4 , S)-2-(2^3^iboxy-6-dlylcocyquinol-2-ylcar^^ 
methy1carbapen6m-3-carboxylic acid; 
(1R,5S,6S,8R,2'S f 4*S)-2-(2-(2-carboxyquinol-6-ylcarbam 
carbapenem-3-carboxylic acid; 

(1R,5S,6S f 8R,2 , S,4 , S)-2-(2-(4-<»rboxyquinol^yl<^rbamoyl)pyrrolidin^ 
carbapenern-3-carboxylic acid; 

(1R,5S,6S,8R,2'S,4 , S)-2-<2-(4-carboxyquinol-5-ylc^^ 
carbapenem-3-carboxylic acid; 
(1R,5S ? 6S3R,2'S.4'S)-2-<2-(2-carboxyquta 
carbapenem-3-carboxylic acid; 

(1R ( 5S P 6S ( 8R f 2 , S t 4 , S)-2-(2-(2-carboxyquinol-5-yi(»rbamoyi)pyrrolidin^v^^ 
carbapenem-3-carboxylic acid; 

(1R.5S P 6S t 8K2 , S,4 , S)-2-(2-(4-<»rboxyquinol-2-yicarbamoyl)pyrr^ 
carbapenem-3-carboxyiic acid; 

(1R,5S,6S f 8R,2'S,4'S)-2-<2-(7-<^rboxy-2,3^imethylqum^ 
xyethy1)-1 -met hylcarbapenem-3-carboxylic acid ; 

(1R t 5S,6S,8R,2 , S,4 , S)-2-(2-(4-cartoxyquinazolin-2-ylcarbamoyl)pyrrolidin-4 
methylcarbapenem-3-carboxylic acid; 

(1R,5S I 6S.8R^ t S,4 , S)-2-(2-(3-carboxyisoquino»-5-ytt^amoyl)pyr 
carbapenem-3-carboxyiic acid; 

and pharmaceutical^ acceptable salts and in vivo hydrolysable esters thereof. 

Suitable pharmaceutical! y acceptable salts include acid addition salts such as hydrochloride, hydrobro- 
mide, citrate, maleate and salts formed with phosphoric and sulfuric acid. In another aspect suitable salts are 
base salts such as an alkali metal salt for example sodium or potassium, an alkaline earth metal salt for exampl 
calcium or magnesium, an organic amine salt for example triethyt amine, morpholine, N-methylpiperidine, N- 
ethylpiperidine, procaine, di benzyl amine, N.N-dibenzyiethytamine or aminoacids, for example, lysine. 

For the avoidance of doubt there may be one, two, three or four salt-forming cations depending on th 
number of carboxytic acid functions and valency of said cations. 

Preferred pharmaceutical^ acceptable salts are sodium and potassium salts. However, to facilitate isola- 
tion of the salt during preparation, salts which are less soluble in the chosen solvent may be preferred, whether 
pharmaceutical^ acceptable or not 

In vivo hydrolysable esters are those pharmaceutical^ acceptable esters that hydrolyse in the human body 
to produce the parent hydroxy or carboxy compound. Such esters can be identified by administering, eg. in- 
travenously to a test animal, the compound under test and subsequently examining the test animal's body flu- 
ids. Suitable in vivo hydrolysable esters for hydroxy include acetoxy, propionytoxy, pivaloyloxy, C^alkoxycar- 
bonyloxy for example ethoxycarbonyloxy, phenylacetoxy and phthalidyl. Suitable in vivo hydrolysable esters 
for carboxy include C^alkoxymethyt esters for example methoxymethyl; C^Ikanoyloxym ethyl esters for ex- 
ample prvaloytoxymethyl; cycloalkoxycarbonyloxyCt^alkyl, for example 1 -cydohexyloxycarbonytoxye- 
thyl; t,3-dioxolen-2-ony!methy1 esters for example 5-methyl-1,3-dioxoi en -2-onyl methyl; phthalidyl esters and 
Cf^alkoxycarbonyloxyethyl esters for example 1-ethoxycarbonyloxyethyl and may be formed at any carboxy 
group in the compounds of this invention. 

In rderto use a compound of the formula (I) or a pharmaceutical^ acceptable salt or in vivo hydrolysable 
ester th reof for the therapeutic treatment of mammals Including humans. In particular In treating infecti n, it 
is normally formulated in accordance with standard pharmaceutical practice as a pharmaceutical composition. 
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Th refore in anoth r aspect the pres nt invention provides a pharmaceutical composition which comprises 
a compound of the f rmula (I) or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof and 
a pharmaceutically acceptable carrier. 

The pharmaceutical compositions of this invention may be administered in standard manner for the dis- 
5 ease condition that it is desired to treat, for example by oral, rectal or parenteral administration. For these pur- 
poses the compounds of this invention may be formulated by means known in the art into the form of, for ex- 
ample, tablets, capsules, aqueous orofly solutions or suspensions, emulsions, dispersible powders, supposi- 
tories and sterile injectable aqueous or oily solutions or suspensions. 

The compounds of the present invention may be formulated as dry powder filled vials, which may contain 
10 the compound of the present invention alone or as a dry blended mixture. For example an acidic compound 
of the present invention may be dry blended with an alkali metal carbonate or bicarbonate. Freeze dried for- 
mulations of compounds of the present invention, alone or as a mixture with standard excipients, are possible. 
Standard excipients include structure formers, cryo protectants and pH modifiers, such as, mannitol, sorbitol, 
lactose, glucose, sodium chloride, dextran, sucrose, maltose, gelatin, bovine serum albumin (BSA), glycine, 
15 man nose, ribose, polyvinyl pyrrolidine (PVP), cellulose derivatives, glutamine, inositol, potassium glutamate, 
erythritol, serine and other amino acids and buffer agents e.g. disodium hydrogen phosphate and potassium 
citrate. 

In addition to the compounds of the present invention the pharmaceutical composition of this invention 
may also contain, or be co-administered with, one or more known drugs selected from other clinically useful 
20 antibacterial agents (for example other beta-Iactams or aminoglycosides), inhibitors of beta-tactamase (for ex- 
ample clavulanic acid), renal tubular blocking agents (e.g. probenecid) and inhibitors of metabolising enzymes 
(for example inhibitors of dehydropeptidases, for example Z-2-acytamino-3-substrtuted propenoates such as 
cilastatin) and N-acylated amino acids such as betamipron (also see EP-A-1 78911). 

A suitable pharmaceutical composition of this invention is one suitable for oral administration in unit dosage 
25 form, for example a tablet or capsule which contains between 1 0Omg and 1g of the compound of this invention. 

A preferred pharmaceutical composition of the invention is one suitable for intravenous, subcutaneous or 
intramuscular injection, for example a sterile injectable composition containing between 1 and 50% w/w of th 
compound of this invention. 

Specific examples of compositions, which are constituted as a 1% solution in water, freeze dried and may 
30 be made up by adding 0.9% aqueous sodium chloride solution to give the required concentration, preferably 
1mg-10rng/ml, as as follows: 

Composition 1 

35 Compound of Example 1 50mg 

Composition 2 

Compound of Example 1 50 mg 
40 Glycine 31mg 

Further specific examples of compositions are as above, but where the compound of example 1 is replaced 
by any one of examples 2 to 15. 

The pharmaceutical compositions of the invention will normally be administered to man in order to combat 
Infections caused by bacteria, in the same general manner as that employed for imfpenem due allowance being 
45 made in terms of dose levels for the pharmacokinetics of the compound of the present invention relative to 
the clinical use of imipenem. Thus each patient will receive a dairy intravenous, subcutaneous or intramuscular 
dose of 0.05 to 5g, and preferably 0.1 to 2.5g, of the compound of this Invention, the composition being ad- 
ministered 1 to 4 times per day, preferably 1 or 2 times a day. The intravenous, subcutaneous and intramuscular 
dose may be given by means of a bolus injection. Alternatively the intravenous dose may be given by con tin- 
so uous Infusion over a period of time. Alternatively each patient will receive a daily oral dose which is approxi- 
mately equivalent to the daily parenteral dose. Thus a suitable daily oral dose is 0.05 to 5g. of the compound 
of this invention, the composition being administered 1 to 4 times per day. 

In a further aspect the present invention provides a process for preparing the compounds of the formula 
(I) or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof which process comprises depre- 
ss tecting a compound of the formula (V) wherein P is optionally further substituted as in formula (I): 
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(V) 



wherein P 1 is as hereinbefore defined; R 2 is as hereinbefore defined; R 10 is a group R 3 or an amino protecting 
group; R 13 is a group R\ protected hydroxymethyl or 1 -(protected hydroxy) ethyl; R 11 is hydrogen or a carboxy 
protecting group; R 12 is hydrogen or an amino protecting group, R 18 is carboxy or a protected carboxy group 
and wherein any optional substituent on P 1 is optionally protected; and wherein at least one protecting group 
is present; and thereinafter if necessary; 

(i) forming a pharmaceuticalty acceptable salt 

(ii) esterifying to form an in vivo hydrolysable ester. 

Protecting groups may in general be chosen from any of the groups described in the literature or known 
to the skilled chemist as appropriate for the protection of the group in question, and may be introduced by con- 
ventional methods. 

Protecting groups may be removed by any convenient method as described in the literature or known to 
the skilled chemist as appropriate for the removal of the protecting group in question, such methods being chos- 
en so as to effect removal of the protecting group with minimum disturbance of groups elsewhere in the mol- 
ecule. 

The compounds of the formula (V) are novel and form another aspect of the invention. 

Specific examples of protecting groups are given below for the sake of convenience, in which "lower" sig- 
nifies that the group to which it is applied preferably has 1-4 carbon atoms. It will be understood that these 
examples are not exhaustive. Where specific examples of methods for the removal of protecting groups are 
given below these are similarly not exhaustive. The use of protecting groups and methods of deprotection not 
specifically mentioned is of course within the scope of the invention. 

A carboxy protecting group may be the residue of an ester-forming aliphatic or araliphatic alcohol or of an 
ester-forming silanol (the said alcohol or silanol preferably containing 1-20 carbon atoms). 

Examples of carboxy protecting groups include straight or branched chain (1-12C)alkyl groups (eg isopro- 
pyi, t-butyf); lower alkoxy lower alkyl groups (eg methoxymethyi, ethoxymethyl, isobutoxymethyl); lower ali- 
phatic acyloxy lower alkyl groups, (eg acetoxymethyt, propionyloxymethyl, butyryloxym ethyl, 
pivatoyioxymethyl); lower alkoxycarbonyioxy lower alkyl groups (eg 1-methoxycarbonyloxyethyl, 1-ethoxycar- 
bonyloxyethyl); aryl lower alkyl groups (eg pj-methoxybenzyl, o-nttrobenzyl, g-nitrobenzyl, benzhydryl and 
ph thai idyl); tri(lower aikyl)3flyt groups (eg trimethytsilyl and t-butyldimethylsiyi); tri(lower aJkyl)3ilyi lower alkyl 
groups (eg trimet hytsilyf ethyl); diary1(lower alkyljsilyl groups (eg t-butyldiphenylsilyl); and (2-6C)alkerry1 groups 
(eg allyl and vinylethyl). 

Methods particularly appropriate for the removal of carboxy! protecting groups include for example acid-, 
base-, metal- or enzymically-catalysed hydrolysis, for groups such as p_-nitrobenzyloxycarbonyl, hydrogenation 
and for groups such as o-nitrobertzyloxycarbonyl, photoiytically. 

Examples of hydroxy! protecting groups include lower alkenyl groups (eg allyl); lower alkanoyl groups (eg 
acetyl); lower alkoxycarbonyl groups (eg t-butoxycarbonyt); lower alkenyloxycarbonyl groups (eg allyloxycar- 
bonyl); aryl lower alkoxycarbonyl groups (eg benzoyloxycarbonyl, p_-methoxybenzytoxy carbon yl, o-nitro ben- 
zyl oxycarbonyl, 2-nrbt>benzyloxycarbonyl); tri lower alkylsilyl (eg trimethytsilyl, t-butyldimethytsflyl); diaryl(low- 
er alkyl)siyi groups (eg t-butyldiphenylsilyl) and aryl lower alkyl (eg benzyl) groups. 

Examples of amino protecting groups include fbrrnyl, aralkyl groups (eg benzyl and substituted benzyl, eg 
2-methoxybenzyl, nitrobenzyi and 2, 4-dimethoxy benzyl, and triphenylmethyl); di-2-anisylmethyf and furyl me- 
thyl groups; lower alkoxycarbonyl (eg t-butoxycarbonyl); lower alkenyloxycarbonyl (eg allyloxycarbonyl); aryl 
lower alkoxycarbonyl groups (eg benzyloxycarbonyl, pj-methoxy benzyl oxycarbonyl, o^nltrobenzyloxycarbonyl, 
p-nitrobenzyloxycarbonyt); trialkylsilyl (eg trimethylsQyl and t-butyldimethyisilyl); diaryl(lower alkyl)silyl group 
(eg t-butyldiphenylsilyl); alkyl idene (eg methylidene); benzylidene and substituted benzylidene groups. 

Methods appropriate for removal of hydroxy and amino protecting groups include, for example, add-, base-, 
metal- or enzymically-catalysed hydrolysis, for groups such as pj-nitrobenzyl oxycarbonyl, hydrogenation and 
for groups such as o-nitro benzyl oxycarbonyl, photoiytically. 

In another asp ct of the pres nt inventi n th compounds of th formulae (I) and (V) may be prepared by 

a) reacting c mpounds of the formula (VI) and (VII): 
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(VII) 



wherein P 1 , R 2 , R 10 , R 1 \ R 12 , R 13 and R 18 are as hereinbefore defined, P 1 is optionally substituted herein- 
before defined and L is a leaving group, or 
b) cycfising a compound of the formula (VIII): 



*^ ^r/>^V^'5 (VIII) 

wherein P\ R 2 , R'°, R 1 \ R 12 R 13 and R te are as hereinbefore defined, P 1 is optionally substituted as here- 
inbefore defined and R 14 . R 15 and R 16 are independently selected from C^alkoxy, aryloxy, di-C|_«alkyia- 
minoand diarylamino or any two of R 14 -R 16 represent o-phenylenedioxy or one of R^-R 16 is C^alkyl, ally), 
benzyl or phenyl and the other two values are independently selected from C 1-4 alkyl, trifluoromethyl or 
phenyl, wherein any phenyl group is optionally substituted with C^lkyl or C 1 ^ 3 alkoxy; and wherein any 
functional group is optionally protected and thereinafter if necessary: 

(i) removing any protecting groups; 

(ii) forming a pharmaceutical^ acceptable salt 

(iii) esterif ying to form an in vivo hydrolysable ester. 

Suitably in the compound of the formula (VI), L is the reactive ester of a hydroxy group such as a sulphonate 
(for example C^alkanesulphonyioxy, trifluoromethanesulphonyloxy, benzenesulphonyloxy, toluenesulphony- 
loxy), a phosphoric ester (for example a diary! phosphoric ester such as diphenyi phosphoric ester) or L is a ha- 
lide (for example chloride). In an alternative L is a sulphoxide for example -SOCH=CH-NHCOCH 3 which may 
be readily displaced. Preferably L Is diphenyi phosphoric ester (-OP(0)(OPh)2). 

Compounds of the formula (VI) and their preparation are wed known in the carbapenem literature, for ex- 
ample see EP-A-126587, EP-A-160391, EP-A-243686 and EP-A-343499. 

The reaction between the compounds of the formulae (VI) and (VII) is typically performed in the presence 
of a base such as an organic amine for example di-isopropylethylamine or an inorganic base for example an 
alkali metal carbonate such as potassium carbonate. The reaction is conveniently performed at a temperature 
between -25°C and ambient The reaction is generally performed in an organic solvent such as acetonftrile or 
dimethytformamide. The reaction is generally performed in a manner similar to that described in the literature 
for simiar reactions. 

The compounds of the formula (VII) are novel and form another aspect of the present Invention. 

The compounds of the formula (VII) may be prepared by the deprotection of a compound of the formula 

(IX): 

L 

(IX) 




wherein P\ R 10 , R 12 and R 18 are as hereinb fore defin d, P 1 is optionally substituted a h reinbefore defined 
and R 17 is a protecting group, f r xample C^alkanoyl or C,^alkoxycarbonyl. Preferred valu s for R 1 7 a re acet- 
yl and t-butoxycarbonyt. Th compounds of the formula (IX) can be conv rted to the compounds of the formula 
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(VII) by standard methods f deprotectton, for xampl acetyl groups can be removed by basic hydrolysis in 
aqueous alkanol, alkenol for xampl with methyl amine in ethanol. 

The compounds of the formula (IX) are novel and f rm another aspect of the present inventi n. 

The compounds of the formula (IX) may be prepared by the reaction of an activated derivative of a com- 
5 pound of the formula (X), which may be formed in situ , with a compound of the formula (XI): 

t^>*tt 

^^Cli^.* <*> Hro - f--P H (XI) 



wherein P 1 , R 10 , R 12 , R 17 and R 18 are as hereinbefore defined and P 1 is optionally substituted as hereinbefore 
defined. Activated derivatives of the compound of the formula (X) include acid halides, anhydrides and 'acti- 
15 vated' esters such as 1H-benzol-1,2,3~triazol-1-yl, pentafluorophenyl and 2,4,5-trichlorophenyl esters or the 
benzimidazol-2-yl ester of the thiocarboxylic acid corresponding to (X). The reaction of the compounds of the 
formulae (X) and (XI) is performed under standard methods, for example in the presence of sulphonyl chloride 
at ambient temperature. 

The compounds of the formulae (X) and (XI) are prepared by standard methods known to the skilled chenv 
20 ist such as the methods of the Examples hereinafter, the methods described in EP-A-1 26587 or by methods 
analogous or similar thereto. For example, bicyciic rings of the formula P 1 substituted with a methyl group on 
a ring carbon atom are converted to compounds of the formula (XI) by oxidating the methyl group to a carboxy 
group, nitrating the ring to introduce a nitro group and reducing the nitro group to an amino group. The oxidation, 
nitration and reduction steps involve standard methods known in the art 
25 Suitably, in the compounds of the formula (VIII), R 14 , R 15 and R 16 are independently selected from 

alkoxy such as methoxy, ethoxy, Isopropoxy, n -pro poxy or n-butoxy; aryloxy such as optionally phenoxy; di- 
C^lkyi amino such as dimethytamino or diethylamino; diarylamino such as diphenylamino or any two of R 14 
-R 16 represent o-phenylenedioxy. Preferably each of R 14 -R 16 have the same value and are C^aJkoxy for ex- 
ample methoxy, ethoxy, isopropoxy or n-butoxy or are phenoxy. 
30 The compounds of the formula (VIII) are cyclized under conventional conditions knows in the art to form 

compounds of the formula (V). Typical conditions are heating in a substantially inert organic solvent such as 
toluene, xylene or ethyl acetate at temperatures in the region 60-1 50°C. Typically the reaction is performed 
in an atmosphere of nitrogen and is carried out in the presence of a radical scavenger for example hydroqui- 
none. 

35 The compounds of the formula (VIII) may be formed and cyclized in situ . The compounds of the formula 

(VIII) may conveniently be prepared by reacting compounds of the formulae (XII) and (XIII): 



40 



45 




(XII) 



PRURIGO (XIII) 

wherein P 1 , R 2 , R 10 , R"-R 10 , and R 18 are as hereinbefore defined and P 1 is optionally substituted as hereinbe- 
fore defined. Suitably the compound of the formula (XIII) is a phosphite or is the functional equivalent of such 
a compound. 

The reaction between the compounds of the formulae (XII) and (XIII) is conveniently performed In an or- 
ganic solvent such as toluene, xylene, ethyl acetate, chloroform, dichioromethane, acetonitrile or dimethytfbr- 
mamide. Typically the reaction is carried out at an elevated temperature for example 65-1 50°C. 

The compounds f the formula (XII) may be prepared by a number f methods known In the art For ex- 
ample the compounds of the formula (XII) may be prepared by the acylation of a compound of the formula 
(XIV): 
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Y 



/r 
o 




(XIV) 



wherein P 1 . R 2 ( R 10 , R 12 f R 13 , and R 1 * are as hereinbefore defined and P 1 is optionally substituted as herein- 
10 before defined with a compound of the formula (XV): 

a - CO-COO R" (XV) 

wherein R 11 is as hereinbefore defined. 

The compounds of the formula (XIV) may be prepared by reacting compounds of the formulae (XVI) and 
(VII): 

15 



20 




(XVI) 



wherein R 2 and R 13 are as hereinbefore defined. The compounds of the formula (XVI) are known in the art 
25 and may be reacted with the compounds of the formula (VII) under conventional acylation methods known in 
the art. 

Compounds of the formulae (VII), (XII) and (XIV) are novel and, as such, form another aspect of this in- 
vention. 

The following biological test methods, data and Examples serve to illustrate the present invention. 

30 

Antibacterial Activity 

The pharmaceutical^ acceptable carbapenem compounds of the present invention are useful antibacterial 
agents having a broad spectrum of activity in vitro against standard laboratory microorganisms, both Gram- 
35 negative and Gram-positive, which are used to screen for activity against pathogenic bacteria. The antibacterial 
spectrum and potency of a particular compound may be determined in a standard test system. In particular 
the carbapenems of the present invention show good stability to beta-lactamases and in general particularly 
good pharmacokinetics, especially as regards half life. In general compounds show significant improvement 
over imipenem. 

40 The antibacterial properties of the compounds of the invention may also be demonstrated in vivo in con- 

ventional tests. 

Carbapenem compounds have generally been found to be relatively non-toxic to warm-blooded animals, 
and this generalisation holds true for the compounds of the present invention. Compounds representative of 
the present invention were administered to mice at doses In excess of those required to afford protection 
45 against bacterial infections, and no overt toxic symptoms or side effects attributable to the administered com- 
pounds were noted. 

The following results were obtained for representative compounds on a standard In vitro test system using 
Diagnostic Sensitivity Test The antibacterial activity is described in terms of the minimum inhibitory concen- 
tration (MIC) determined by the agar-dPution technique with an inoculum size of 10 4 CFU/spot 

so 



55 
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ORGANISM 



S . aureus 
Oxford 

E. coli 
DCO 

P. raorganii 
I + 001 

Enterobacter 
cloacae P99- 

B. fragilis 
AMP S 



MIC (ug/ml) 



EXAMPLE 



0.13 



0.03 



0.03 



0.03 



0.50 



In the following examples, which are representative of the scope: 

(a) NMR spectra were taken at 200MHz or 400 MHz in DNSO-gVCD 3 COOD unless otherwise stated; 

(b) allyioxy means the propen-1-yloxy group -OCH 2 CH=CH2; 

(c) THF means tetrahydrofuran; 

(d) DMF means dimethylformamide; 

(e) DMSO means dimethylsulphoxide; 

(0 DIAD means diisopropyldiazodicarboxyiate; 

(g) DEAD means diet hylazodicarboxyl ate 

(h) EEDQ means r4-ethoxycarbonyt-2-ethoxy-1,2-dihydroquinoIine; 

(i) TFA means trifluoroacetic acid; 

(j) evaporation of solvents was carried out under reduced pressure; 
(k) HPLC means high pressure liquid chromatography; and 
(I) temperatures are given in degrees centigrade. 

Example 1 

(1R t 5S.6S,8R,2*S,4 , S) 2-(2^8-Cart>oxyc^ind-6-ylc^ 
thylcafbapenem-3-carboxylic acid disodium salt 

To a solution of ailyl (1R,5S,6S,8R^S,4*S)-2-(1-aily1oxycar^ 
moyl) pyrrolidin^ylthio)-6^1-hydroxyethyl)-1-methylcarbapen m-3-carboxylate (216 mg; 0.31 mm) in 
CHjCfe (7 ml), was added a 0.47M aqueous solution of NaMCOa (7.8 ml). N-rnethylaniin (135 jjJ; 1 .24 mM) 
and tBtrakistriphenylphosphine palladium (72 mg; 0.062 mM). Aft r stirring for 1 hour the aqueous layer was 

11 
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separated and purified n reverse phase silica (Nudeosil C ie ) using a gradient of acetonitrile in water (0-10%) 
to give after freeze-drying the title compound as a foam (30 mg; 16.6%). 

NMFc 6 1.10-1.21 (m f 6H); 1.71-1.88 (m. 1H); 2.60-2.72 (m, 1H); 2.76-2.88 (m, 1H); 3.20 (dd. 1H); 3.37-3.5 
(m, 2H); 3.60-3.73 (m. 1H); 3.92-4.05 (m, 2H); 4.17 (dd. 1H); 7.75 (dd, 1H); 8.65 (d, H); 8.75 (d. 1H); 8.81 (d, 
1H); 8.97 (d, 1H) 
MS (+ve FAB): 571 (MKT). 

The starting material was prepared as follows: 

A mixture of 2-amino-5-nrtrobenzoic acid (4g, 22 mM), glycerol (8 g), arsenic acid (80% in water) (20 g), 
and sulphuric acid (65%) (36 ml) was heated at reflux for 3.5 hours. After addition of water (100 mi), the pH 
was adjusted to 8 with concentrated ammonia and then to 3.5 with acetic acid. The resulting precipitate was 
filtered and dried to give 8-cartx>xy-6-nitroquinoline (4 g; 83%). 

NMR (DMSO-d 0 ): 6 7.75 (dd, 1H); 8.72 (dd, 1H); 9.00 (d, 1H); 9.07 (d t 1H); 9.37 (d. 1H). 

To a suspension of &-carboxy-6-nitroquinoline (4g; 18mM) in methanol (70 ml) was added SnCI 2 (20.4 g; 
90 mM). The mixture was heated to, and maintained at 40°C until dissolution of the insoluble. After evaporation 
of the solvent, the residue was taken- up in a 2M aqueous solution of NaOH and purified by subjecting to chro- 
matography on Dowex 1X2 Resin. After Gasification (pH3) with concentrated NH4OH the resulting solid was 
further purified by subjecting to chromatography on HP20SS resin, eluting with MeOH/H 2 0-AcOH 1 % (30.70) 
to give 6-amino-8-carboxyquinoline (1.2 g, 35.5%) 

NMR(DMSO-d 6 ) :5 7.13 (d f 1H); 7.57 (dd, 1H); 8.11 (d, 1H); 8.34 (dd, 1H); 8.67 (d, 1H). 
Preparation of the side-chain pyrrol idin-4-yithioacetate: 

To a solution of (2S,4S)-1 -ally loxy carbon yi -2- cart>oxy pyrrol id in-4-ylth ioac^ (1.75 g, 6.4 mM) in CH 2 CI 2 
(15mi) was added SOCI 2 (5 ml; 68.5 mM). After stirring at ambient temperature for 3 hours, the solvent was 
evaporated and dried under reduced pressure. The product was dissolved in CH 2 CI 2 (25 ml) and the resulting 
solution added dropwise to a solution of 6-amino-8-carboxyquinoline (1 .2 g; 6.3 mM), N-ethyl diisopropyiamine 
(11 mf, 56.7 mM) and trimethyl ethyl chloride (2 m; 1.57 mM). The mixture was stirred at ambient temperature 
overnight After extraction with methylene chloride, the material was purified by subjecting to chromatography 
on HP20SS and eluting with a gradient of acetonitrile (0-4%) in H 2 0/AcOH 1% to give (2S,4S)-1-allyloxycar- 
bonyl-2-(8-cart>oxyquinol-6-ylcarbamoyl ) pyrrol id in-4-ylthio acetate (870 mg; 31%). 

NMR(DMSO-d 6 ): 61.85-2.10 (m, 1H); 2.31 (S, 3H); 2.65-2.92 (m. 1H); 3.25-3.56 (m. 1H); 3.86-4.11 (m. 2H); 
4.31-4.70 (m, 3H); 5.00-5.40 (m, 2H); 5.70-6.04 (m, 1H); 7.75 (dd, 1H); 8.63 (d, 1H); 8.76 (d, 2H); 8.96 (d f 1H). 

Synthesis of (2S,4S)-1-allyloxycart>onyl-2-(8-aJlyloxy^ 
cetate: 

To a solution of the product of the previous step compound (380 mg; 0.85 mM) in THF (5 ml), under argon, 
was added triphenyfphosphine (247 mg, 0.93 mM) and DIAD (186 uJ; 0.93 mM). After stirring at 0°C for 15 
minutes and at ambient temperature for 30 minutes, the resulting solution was partitioned between phosphate 
buffer (pH7) and ethyl acetate. The organic phase was evaporated and the residue purified by subjecting to 
flash chromatography and eluting with ethyl acetate/petroleum ether (65/35) to give the title compound as an 
oil (265 mg; 64%). 

NMR (DMSO da) :8 1.88-2.05 (m. 1H); 2.34 (s. 3H); 2.71-2.88 (m, 1H); 3.25-3.4 (m, 1H); 3.94-4.10 (m, 2H); 
4.38-4.60 (3H); 4.90 (d, 2H); 5.15-5.36 (m, 3H); 5.50 (d, 1H); 5.71-6.00 (m, 1H); 6.02-6.13 (m. 1H); 7.55 (dd, 
1H); 8.11 (dd, 1H); 8.38 (d, 1H); 8.32-8.39 (m, 1H); 8.85 (d. 1H). 

Ally! (1R,5R,6S,8R)-6-(1-hydiT>xyethy1H-m e thyl-2^^ 
was prepared as follows: 

To a solution of ailyl (1R,5R,6S,8R)-6-(1-hydroxyethy1)-1-rrte^ [pre- 
pared in situ from ailyl 2-diazo-3-oxo-4-(R)-methyl-4-[(3S,4R)-3-(1-(R}-h 

noate and rhodium octanoate: see for example EP-A-208889] and dt-isopropylethylamine (1.1 equivalents) in 
acetronitrfle, at 0°C, under an argon atmosphere, was added dropwise diphenyl chloro phosphate (1.1 equiva- 
lents). The solution was stirred at ambient temperature for 30 minutes to form the corresponding 2-diphenyi- 
phosphoryloxycarbapenem. 

Preparation of the protected carbapenem: 

To a solution of the above thioacetate (265 mg; 0.54 mM) in ethanol (3 ml) was added at 0°C a solution 
of methylamine in ethanol (5M) (329 uJ; 1 .62 mM). After stirring at ambient temperature for 1 .5 hours, the sol- 
vent was removed by evaporation and the resulting thiol dried under vacuum, dissolved in DMF (10 ml) and 
added to a solution of ailyl (1R,5R.6S,8R)-6-(1-hydroxyethyl)-lHfnethyl-2-diphenylphosphoryloxycarbape- 
nem-3-carboxylate (270 mg; 0.54 mM), tri-rvbutylphosphine (1 34 uJ; 0.54 mM), N-ethyt diisopropylamin (187 
id; 1.08 mM) and water (9.7 uJ; 0.54 mM) in DMF (10 ml). The mixture was stirred at ambient t mpe nature f r 
2 hours. After evaporation of the solvent, th residu was extracted with methyl en chloride and purified by 
subjecting to flash chromatography, luting with thyl acetate/CH 3 CN (95/5) to give ailyl (1 R,5S,6S,8R t 2 , S,4'S) 
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(2-{1-allyloxycartxinyl-2-(8-allyloxycarbonylquin l-6-yl carbamoyl) pyrrol idin-4-yithio)-6-(1 -hydroxy thyl)-1- 
methylcarbapenenv3-carboxyiat as an oil (250 mg - 67%). 

NMR (DMSO-de) : 6 1.14-1.23 (m, 6H); 1.86-2.05 (m, 1H); 2.75-2,92 (m, 1H); 3.20-3.40 (m, 2H); 3.47-3.63 (m, 
1H); 3.90-4.09 (m, 2H); 4.12-4.30 (m. 2H); 4.4-4.65 (m, 3H); 4.84-5.57 (m, 10H); 5.72-6.18 (m. 3H); 7.60 (m, 
1H); 8.13 (3 f 1H); 8.40 (dd, 1H); 8.5 (s, 1H); 8.86 (dd, 1H). 

Example 2 

(1R,5S t 6S,8R t 2'S t 4 , S)-2-(2-(6-Carboxyquiro^ 
thylcarbapenem-3-carboxylic acid disodium salt 

The title compound was prepared from the corresponding diallyl protected compound using a similar meth- 
od to that described In example 1. (Yield : 31%) 

NMR: 6 1.10-1.21 (m t 6H) 1.78-1.89 (m, 1H); 2.57-2.76 (m, 2H); 3.21 (dd, 1H); 3.41-3.48 (m, 1H); 3.53-3.66 
(m, 2H); 3.92-4.0 (m, 1H); 4.04-4.12 (m. 1H); 4.17 (dd, 1H); 7.7 (dd, 1H); 8.35 (d ( 1H); 8.57 (dd, 1H); 9.02 (dd, 
1H); 9.24 (d, 1H). 
MS : +ve FAB : 571 (MH+). 

The starting material was prepared as follows: 

6-Carboxy-8-nitroquinoline was prepared from ethyl 4-amino-3-nitrobenzoate using the method described 
for 8-carboxy-6-nitroquinoline in example 1. (Yield : 61%). 

NMR (DMSO-de): S 7.76 (dd, 1H); 8.57 (s, 1H); 8.72 (dd, 1H); 8.81 (s, 1H); 9.08 (dd, 1H). 

To a solution of 6-carboxy-8-nitroquinotine (5.7 g; 26 mM) in THF (70 ml) was added tri phenyl phosph in 
(8.9 g; 33.8 mM), allyl alcohol (2.3 mi; 33.8 mM) and DEAD (5.35 ml; 33.8 mM). After stirring at ambient tem- 
perature for 30 minutes, the mixture was extracted with ethyl acetate and purified by subjecting to flash chro- 
matography, eluting with ethyl acetate/petroleum ether (40/60) to give 6-allyloxycarbonyl 8-nrtroquinoline (4 
g; 67.7%). 

NMR (CDCI 3 ) :6 4.89-4.96 (m, 2H); 5.34-5.51 (m, 2H); 6.02-6.14 (m, 1H); 7.65 (dd, 1H); 8.40 (dd, 1H); 8.61 (s, 
1H); 8.8 (s, 1H); 9.15 (dd, 1H). 

To a solution of 6-allyloxycarbonyl-8-nitroquinoline (4 g; 15.5 mM) in methanol (80 ml) was added SnCI 2 . 
(17.8 g-77.5 mM). The mixture was heated at 40°C for 1 hour. After evaporation of the solvent, the residue 
was partitioned between an aqueous solution of NaHCO a (10%) and ethyl acetate. The organic phase was 
concentrated and purified by subjecting to flash chromatography, eluting with ethyl acetate/petroleum ether 
(30/70) to give 8-amino-6-allyloxycarbonylquinoline (3.4 g; 96%). 

NMR (CDCI 3 ) : 6 4.84-4.90 (m, 2H); 5.10 (s. 2H); 5.30-5.48 (m, 2H); 6.02-6.14 (m, 1H);7.43 (dd, 1H); 7.51 (s, 
1H); 7.94 (s, 1H); 8.17 (dd. 1H); 8.85 (dd. 1H). 

(2S,4S) 1-Allyloxycarbonyl-2-(aJlyloxycarbonylquinol-8-v^ pyrrol idin-4-ylthioacetate was pre- 

pared from 8-amino-6-allytoxycarbonylquinoline using a similar method to that described in example 1 . (Yield : 
65.3%) 

NMR (DMSO-de) : 6 2.03-2.13 (m. 1H); 2.3 (s, 3H); 2.78-2.94 (m. 1H); 3.30-3.40 (m, 1H); 3.96-4.15 (n% 2H); 
4.40-4.65 (m, 2H); 4.71-4.94 (m, 3H); 5.0&-5.52 (m, 4H); 5.65-6.04 (m, 1H); 6.05-6.17 (m, 1H); 7.76 (dd t 1H); 
8.47 (d,1H); &68 (dd, 1H); 9.06 (s, 1H); 9.18 (s, 1H). 
Preparation of the protected carbapenem: 

Allyl (1R,5S,6S ) 8R,2'S,4'5)-2-(1-allyioxycanbonyl-2-(6-aDyloxycanbonylo^irw^ rart>amoyl)pyrrofidin- 
4-ytt hlo)-6-(1 -hydroxyethyl)- 1 -met hylcarbapenem-3-carboxylate was prepared from the product of the previ- 
ous step, using a similar method to that described in example 1. (Yield : 87.5%) 

NMR (DMSO-de) : S 1.10-1.22 (m, 6H); 2.09-Z18 (m, 1H); 2.84-2.97 (m, 1H); 3.25 (dd, 1H); 3.36-3.6 (m t 2H); 
3.93-4.03 (m, 2H); 4.1 3-4.21 (m, 1 H); 4.25 (dd, 1 H); 4.3-4.36 (m. 2H); 4.5-5.5 (m, 11 H); 5.55-6.02 (m, 2H); 6.03- 
6.17 (m, 1H); 7.72 (dd, 1H); 8.44 (d, 1H); 8.61 (dd, 1H); 9.00 (d, 1H); 9.02 (s t 1H). 

Example 3 

(^SS^S.SR^'S^S) 2-(2-{7-Carboxyo^inc^5-ylrarbam 
thylcarbapenem-3-carboxylic acid, disodium salt. 

To a solution of allyl (IR.SS.eS.SR^'S^S) 2-(2-(7-<»!t>oxyquinol-5-ylcar^ )-6-(1- 
hydroxy thyl)-1 -methyl carbapenem- 3-carboxyf ate (280 mg; 0.4 mM) in CH2CI2 (4ml) was added N.N-dimet hyl- 
trimethylsilylamine (389 uJ/2.4 mM) and tetrakistriphenylphosphin palladium (46.8 mg); 0.04 mM). After stir- 
ring at ambient temperature for 15 minutes, th soiv nt was removed and the residue redissoJv d in water. 
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After acidification to pH 4.5 with acetic acid, the solution was maintained at 0°C f r 1 h ur. then basrfied to 
pH8 and extracted with CH 2 CI 2 * The aqueous lay r was separated and purified by subjecting to chromatogra- 
phy on reverse phase silica (Nucleosil C18) using a gradi nt of CH 3 CN in water (0-3%), to give the title com- 
pound as a foam after fireeze-drying. (65 mg; 28.5%). 
5 NMR: 6 1.11-1.21 (m, 6H); 1.82-1.90 (m, 1H); 2.65-2.76 (m, 1H); 2.81-2.95 (m, 1H); 3.18 (dd f 1H); 3.35-3.55 
(m, 2H); 3.67-3.78 (m, 1H); 3.91-4.00 (m, 1H); 4.07-4.20 (m, 2H); 7.65 (dd, 1H); 8.42 (sbr, 2H); 8.99 (d ? 1H). 

MS (+ve FAB): 571 (M+l-T) 

The starting material was prepared as follows: 

7-Carboxy-5-nitroquinoline was prepared from 3-amino-5-nitrobenzoic acid using a similar method to that 
10 described for 8-carboxy-6-nitroquinoline in example 1 . A mixture of compounds was obtained and used in the 
next step without separation. 

7-Allyloxycarbonyl-5-nitroquinoline was prepared from the product of the previous step using a similar 
method to that described for 6-allyloxycarbonyl-8-nitroquinoline in example 1. (Yield : 44%) 
NMR (CDCIa): 6 4.92-5 (m. 2H); 5.36-5.53 (m, 2H); 6.05-6.18 (m, 1H); 7.71 (dd, 1H); 9.06 (d. 1H); 9.13 (dd. 
15 1H); 9.17 (d, 1H); 9.46 (dd, 1H). 

5-Amino-7-allyloxycarbonylquinoline was prepared from 6-allyloxycarbonyl-8-nitroquinoline using a similar 
method to that described for 8-amino-6-aIlyloxycarbonylquinoHne in example 1. (Yield : 24%) 
NMR (CDCI 3 ): 6 4.31 (s. 2H); 4.85-4.90 (m, 2H); 5.28-5.5 (m, 2H); 6.02-6.14 (m t 1H); 7.43 (d, 1H); 7.45 (dd, 
1H); 8.2 (dd, 1H); 8.31 (s, 1H); 8.97 (dd, 1H). 
20 (2S.4S) 1-AJIyloxy carbon y1-2-(7-al I yloxyrarbonylqum^ thioacetate was pre- 

pared using a similar method to that described in example 1. (Yield : 45.6%) 

NMR: 6 2.05-2.15 (m, 1H); 2.35 (s, 3H); 2.81-2.97 (m, 1H); 3.32-3.43 (m, 1H); 4.00-4.13 (m, 2H); 4.53-4.71 
(m. 3H); 4.85-4.97 (m, 2H); 5.07-5.55 (m. 4H); 5.84-6.01 (m, 1H); 6.05-6.20 (m. 1H); 7.68 (dd. 1H); 8.23 (s. 
1H); 8,51 (s, 2H); 9.03 (dd, 1 H). 

25 Ally! (1R,5S f 6S,8R,2'S t 4'S)-2-(2-(7-cart>oxyquin^ 

1-methylcarbapenem-3-carboxylate was prepared from the product of the previous step, using a similar meth- 
od to that described in example 1. (Yield : 50%) NMR: 6 1.18 (d, 3H); 1.21 (d, 3H); 2.02-2.11 (m, 1H); 2.84- 
3.00 (m, 1H); 3.26-3.73 (m, 3H); 3.93-4.07 (m t 2H); 4.11-4.20 (m, 1H); 4.22-4.30 (m, 1H); 4.51-4.73 (m, 3H); 
4.86-4.93 (m, 2H); 5.07-5.50 (m, 8H); 5.82-6.00 (m. 2H); 6.02-6.17 (m. 1H); 7.71 (dd. 1H); 8.18-8.26 (m. 1H); 

30 8.40-8.58 (m, 1H); 8.52 (s, 1H); 9.04 (dd, 1H). 

Example 4 

( 1K5S,6S ( 8R t 2 , S,4'S)-2-(2-(3-Cartx)xy-2-quinolylcart)amoyl)pyrrolid 
35 thylcarbapenem-3-carboxylic acid 

A solution of (1R,5S,6S f 8R 1 2 , S,4'S) 2-(1-(4-nitrobenzyloxycarbonyl)-2-(3-carbo^ 
pyrrolioline-4~yithio)-6-(1-hydroxyethyl)-1-m acid (di potassium salt) (420 mg, 

0.5 mmol) in water (25 ml) was hydrogenated of atmospheric pressure over Pd/carbon (10%) (300 mg) for 1 
40 hour. The catalyst was filtered off, the filtrate note concentrated and purified by subjecting to preparatory HPLC 
(Nucleosil C-18), eluant water. Concentration and freeze drying gave the title compound (90 mg, 25%). 
NMR: 6 5 1.2 (m, 6H); 1.78 (m, 1H); Z9 (m. 2H); 3.2 (dd, 1H); 3.4 (dq, 1H); 3.52 (m, 1H); 3.8 (m, 1H); 3.96 (dq. 
1H); 4.18 (dd, 1H); 4.17 (m, 1H); 7.48 (dd, 1H); 7.72 (dd, 1H); 7.85 (d, 1H); 7.96 (d, 1H); 8.86 (s, 1H). 

Ethyl 2-cvano-2-(2-nftrobenzyiidine)acetate (10.5g, 48.6 mmo!) was solubilized in acetic acid (30%). The 
45 solution was cooled to 10°C in an iced water bath. Zinc powder (6.35 g, 97 mmoi) was added in small amounts 
to the reaction mixture, with stirring, the temperature being maintained below 15°C. After 1.5 hours the solvent 
was evaporated. The residue was purified by subjecting to silica gel chromatography, (eluant ethyl acetate 
followed by CH 2 C1 2 /methanol, 90/10) to give ethyl 2-amino-1-oxo-quinolin-3-carboxylate (9.6 g, quantitative). 
NMR (CDCI3): 5 1.47 (t, 3H); 4.47 (q, 2H); 7.25-8.0 (m, 5H); 8.45 (s, 1H); 8.55 (d, 1H). 
so Ethyl 2-amino-1-oxoquinoline-3-carboxylate (9.2 g, 42.5 mmol) tn methanol (100 ml) was treated with a 

2M aqueous solution of NaOH (45ml, 90 mmol). The reaction mixture was stirred for 3 hours and followed by 
HPLC (Eluant H 2 0/methanol/AcOH 1/1/0.01). At the end of the reaction, the mixture was acidified (pH3, HCI 
2N) and the precipitated solid filtered, washed with water, and dried under reduced pressure to give 2-amino- 
1-oxo-qutnolin-3-carboxyltc acid (7g, 87.5%). 
55 NMR: (DMSO-de): 6 7.20 (s, 1 H); 7.60 (t, 1H); 3.72 (d, 1H); 8.05 (d. 1H); 8.20 (s t 1H). 

2-Amino-1-oxo-quin line-3-carboxylic acid (2g, 10 mmol) in m thanol (200 ml) was treated, at 0°C, with 
a solution of TiCI 3 (15% in water), the TICI3 solution being added drop by drop. The mixture was stirred at am- 
bient temperature for 4 hours. Wat r was added to the crude mixture and th precipitat filtered, washed with 
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water and dried to give 2-amino-quino(in-3-carboxylic acid (1.78 g, 97%). 
NMR (DMSO-d 6 + MeOD 4 + NaOD/DjO): 5 6.95-7.70 (M, 4M); 8.5 (S, 1H). 

(2S.4SH-(4-Nitrobenzy1oxycartxjnyl)-2-(3-can^ 

(2S,4S)-1-(4-NitroberTzyloxycarbony1)^ace^ (1.5 g, 4 mmol) was solubilized 

at ambient temperature in thionyl chloride (12 ml) and stirred for 5 hours. The thionyl chloride was evaporated, 
and the residue solubilized in Ch^Cl^oIuene 1/1 (40 ml). The solvent was evaporated and dried under high 
vacuum for 1 hour. The acid chloride thus obtained was solubilized in dry CH 2 CI 2 (10 ml) and added, under 
argon, to a solution of 2-aminoquinoHn-3-carboxy1ic acid (765 mg, 4 mmol) and diisopropylethylamine (2.12 
ml, 12 mmol) in DMF (anhydrous, 20 ml), at 0°C. The mixture was stirred for 12 hours at ambient temperature, 
concentrated to remove the methylene chloride, and the residue subjected to chromatography on a HP20SS 
column, eluant MeoH/H 2 0/AcOH (1/100) gradient of MeoH to give the title compound (1.3 g, 60%). 
NMR (DMSO d 6 + TFA-d): 8 2.0-2.25 (m, 1 H); 2.3 (s, 3H); 2.65-2.95 (m. 1 H); 3.20-3.60 (m, 1 H); 3.80-4.35 (m, 
2H); 4.95 (m, 1H) 5.20 (s, 2H); 7.4-7.7 (m, 3H); 7.8-8.25 (m. 5H); 8.95 (s, 1H) 

AJIyi (1 R.5R.6S.8R,2'S,4's)-2-(1 -(4-Nitrobenzy1oxycarbonyl)-2-(3-Canboxy-2-qum^ 
4-yithio)^-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylate. 

(2S.4S) 1-(4-NitrobenzyloxycarbarrK>yl)^ (538 
mg, 1mmoi) in methanol (25 ml) was treated with an aqueous solution of NaOH 1 M) (2.5 ml, 2.5 mmol) by slow 
addition, at 0°C. After 1 hour the mixture was acidified (pH3) with 6 Ha at 0°C, the solvent evaporated and 
residue dried under vacuum for 1 hour. This was disolved in DMF (2 ml) and added to a solution of allyl 
(1R,5R,6S,8R) 6-(1-hydroxyethyl)-1-methy1-2-diphenylphosph (432 mg, 

0.865 mmol) in DMF (5 ml), at 0°C, in the presence of diisopropylethylamine (300 ml, 1.72 mmol). The reaction 
mixture was stirred at ambient temperature overnight and subjected to chromatography on a HP20SS column, 
eluting with water/acetonitrile (gradient of acetonitrfle used). The title compound (432 mg, 65%) was obtained. 

1R.5R,6S,8R,2'S,4'S) 2-(1-(4-Nitrobenzytoxycaroonyl)-2-(3-cart^^ ylth- 
k>)-6-(hydroxyet hyl)-1 -met hylcarbapenem-3-carboxyi ic acid 

A solution of a allyl (1R,5R.6S.8R.2'S,4 , S)-2-(1-(4-nitroben 
rrwyl)pyrrolidin-4-ylthio)-6-(1-h^ (432 mg, 0.565 mmol) in 

THF (20 ml) was treated at ambient temperature with triphenyf phosphine (1 5 mg, 0.057 mmol) 0.46M potassium 
hexanoate in ethyl acetate (2.7 ml, 1.2 mmol) and tetrakistri phenyl phosphine palladium (20 mg, 0.017 mmol) 
for 1 hour. Ethyl acetate (20 ml) was added to the mixture, the precipitate is filtered, washed with ethyl acetate 
and dried to give the title compound (420 mg, 95%). 

NMR: 8 1.2 (m. 6H); 1.9 (m, 1H); 3.05 (m, 1H); 3.2 (dd, 1H); 3.35 (m, 1H); 3.5 (m, 1H); 3.85-9.1 (m, 3H); 4.15 
(m, 1H); 5.0-5.4 (m, 3H); 7.5 (m, 2H); 7.7 (m, 2H); 7.75-&0 (m. 3H); 8.25 (d. 1H); 8.85 (d, 1H). 

Example 5 

(IR^S^S.SR^S^'S^-g-CaTboxy 
carbapenem-3-carDoxylic acid 

The title compound was prepared using a similar method to that described in example 4. 
NMR (DMSO-de): 8 1.2 (m, 6H); 1.45 (m, 1H); 2.1 (m, 1H); 2.6 (m, 1H); 3.2 (dd, 1H); 3.4-3.6 (m, 2H); 3.7 (m, 
1H); 3.9 (m, 2H); 4.15 (m. 1H); 7.6-8.2 (m, 4H); 8.9 (s. 1H.). 

2-allyloxycarbonyl-4-amino-quinoline 

4-Amino-2-quinoline carboxylic acid (800 mg, 4.2 mmol) in DMF (10 ml) and K 2 C0 3 (1 .17 g, 8.5 mmol) was 
stirred at ambient temperature in the presence of allyl bromide (1.47 ml, 17 mmol) for 24 hours. The solvent 
was evaporated and the crude residue purified by subjecting to silico-gel chromatography, eluting with petro- 
leum ether ethyl acetate 1/1) to give 2-allyloxycarbony1-4-amino-quinoline (170 mg, 17%). 
NMR (CDCIs): 5 4.75-5 (m, 4H); 5.2-5.0 (m, 2H); 5.9-6.35 (m.1H); 7.35-8.3 (m. 5H). 

(2S,4S) 1 -(4- Nitro benzyl xycai1x>nyl)-2-(2-allyloxycaitx>nyt-4-quinolylcarfaam yl) pyrrolidine-4-ylthioacetat 

Th title compound was prepared from the product of the previous step using a similar m thod to that de- 
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scribed in example 4 xcept using methylen chloride as the solvent 

NMR (DMSO-de): « 2.1 (m, 1H); 2.4 (s, 3H); 2.9 (m ( 1H); 3.4 (m, 1H); 4.0-4.2 (m, 3H); 4.8-5.5 (m, 6H); 6.1 (m, 
1H); 7.4-8.8 (m, 9H). 

Allyt (1R,5S < 6S,8R t 2 , S > 4'S) 2-(1-(4-Nitrobenzyloxycarto^ pyrro- 
lidirv4-ylthio)-6-(1-hydroxyethyl)-1-methylcar^^ 

The title compound was prepared from the product of the previous step using a similar method to that de- 
scribed in example 4. 

NMR (DMSO-de): fi 1.2 (m. 6H); 2.1 (qt, 1H); 2.9 (m, 1H); 3.3 (dd, 1H); 3.6 (m t 2H); 4.0 (m, 2H); 4.2 (m, 
2H); 4.5-4.9 (m, 5H); 5.0-5.5 (m, 6H); 5.75 (m, 2H); 7.2-8.7 (m, 9H). 

(1R,5S,6S,8R,2'S,4 , S)-2-(1-(4~Nitrobenz^ pyrrol id in-4-ylt h- 

ka)-6-(1-hydroxyethyl>-1-methylcarbapenem-3--carboxylic acid 

The titie compound was prepared from the product of the previous step using a similar method to that de- 
scribed in example 4. 

Example 6 

(1R.5S,6S,2'S,4'S)-2-(2-(3-Carboxy-6-allyloxy^ 
1-methylcarbapenem-3-carboxytic acid 

A solution of (1 R,5S,6S,8R,2'S,4 f S) 2-(1-{4-nitrobenzyloxycart>ony1)-2-(^ 
carbamoy1)pyrrolidirv4-ylthio)-6-(1 -hydros acid (dipotassium salt) 

(185 mg f 0.23 mmol) in phosphate buffer (pH 4.7), (20 ml) was treated with zinc powder (250 mg) added in 
small amounts to the reaction medium. The reaction was followed by HPLC. It was completed after 1 hour. 
The mixture was neutralized with potassium bicarbonate and the solvent evaporated. The residue was purified 
by subjecting to C-18 HPLC, eluting with CH 3 CN/H 2 0, to give the title compound (15 mg, 10%). 
NMR: 8 1.15 (m, 6H); 1.85 (m t 1H); 3.05 (m. 2H); 3.24 (dd, 1H); 3.42 (m, 1H); 3.65 (m, 1H); 3.8-4.05 (m. 2H); 
4.2 (m, 1H); 4.3 (m, 1H); 4.7 (m, 1H); 5.3 (m, 1H); 5.45 <m, 1H); 6.15 (m t 1H); 7.4 (m, 2H); 7.8 (d, 1H); 8.8 (s, 
1H). 

allyl-2-Amino-6-allvloxy-3-quinolyicarpoxy1ate 

2-Amino-6-hydroxy-3-quinolincarboxylic acid (600 mg, 3 mmol) in DMF (5 ml) was treated with ally! bro- 
mide (520 ml, 6 mmol) and potassium carbonate (834 mg, 6 mmol). The mixture was stirred at ambient tem- 
perature overnight water was added and the product was extracted with methylene chloride, dried, and purified 
by subjecting to silica gel chromatography, (eluting with ethyl ether/petroleum ether (75/25) to give allyl-2-AmH 
no-6-ally1oxy-3-quinolylcarboxyiate (270 mg, 32%). 

NMR (DMSO-de) : $ 4.6 (m, 2H); 4.85 (m, 2H); 5.22 (m. 1H); 5.3 (m, 2H); 5.5 (m, 1H); 5.85-6.35 (m, 2H); 6.95 
(s. 2H); 7.4 (m, 3H); 8.7 <s, 1 H). 

(2S,4S)-1-(4-Nitrobenzylcocycart>on^ 
toacetate 

(2S,4S)-1 -(4-Nitro benzyl oxyc^rt>on (325 mg, 0.88 mmol) and ailyl-2- 

amino-6-anyloxy-3^uinc)Iylcarboxylate (250 mg. 0.88 mmol) in CH 2 CI 2 (10 ml) were treated with EEDQ (240 
mg, 0.97 mmol). The mixture was stirred at ambient temperature for 12 hours, the solvent evaporated, and the 
residue purified by subjecting to sQica gel chromatography, fluting with ethyl ether to give title compound (375 
mg, 67%). 

NMR (DMSO-de) : $ 2.37 <s, 3H); 2.02 (m, 1H); 2.82 (m, 1H); 3.35 (m, 1 H): 3.95-4.2 (m, 2H); 4.7 (m, 5H); 5.0- 
5.6 (m, 6H); 6.0-6.2 (m. 2H); 7.4-7.7 (m, 4H); 7.75-7.95 (m, 2H); 8.24 (d, 1H); 8.7 (s, 1 H). 

Allyi (1R,5R,6S,8R t 2 , S,4'S) 2^1-(4-Nitrobenzy1oxycarbonyl)-2-(^ 
bamoy1)pyrrolidin-4-ytthio)-6^ 



The titl compound was prepared using a similar method to that of xample 4. 
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NMR(DMSO-de. AcOD-<U) : 5 1.2 (m. 6H); 2.05 (m. 1H); 2.95 (m. 1H); 3.25 (dd. 1H); 3.4 <m. 1H); 3.6 (m, 1H); 
4 (m, 1H); 4.2 (m, 2H); 4.5-4.75 (m t 6H); 5-5.5 (m. 6H); 5.85 (m, 1H); 6.1 (m, 1H); 7.45 (m f 3H); 7.65 {m t 1H); 
7.8 {m, 1H); 7.9 (m t 1H); 8.2 (m, 1H); 8.8 (m, 1H). 

(1R,5R,6S,8R,2'S,4'S)-2-(H4-Nitrobenzylox^ 

din-4-ylthio)-6-(1-hydroxyethyl)-1-methylc^ acid 

The title compound was prepared using a similar method to that of example 4. 
Example 7 

(1 R,5S,6S,8R»2'S,4'S)-2-(2-(2-CaitK>xyqutrK3l-6-v^ 
thylcarbapenem-3-carfaoxyiic acid dlsodium salt . 

To a solution of allyl (1 R,5S t 6S,8R f 2'S,4'S)-2-(2-(2H^rt>oxyquinol-6-ylcart>amoyl) pyrrol idin-4-ylthio)-6-(1- 
hydroxyethyl)-1-methytcarbapenem-3-carboxylatB (160 mg; 0.23 mM) in CH 2 CI 2 (12 ml) was added N.N-dime- 
thyltrimethylsilylamine (222 nl; 0.023 mM) and tetrakis- triphenyiphosphine palladium (26 mg; 0.023 mM). After 
stirring at ambient temperature for 1 5 minutes, acetic acid (1 00 nl; 1 .72 mM) and water (2 ml) were added. Th 
mixture was stirred for 15 minutes, then basrfied to pH8. The aqueous layer was separated and purified by 
subjecting to chromatography on reverse phase silica (Nucleosi C18) using a gradient of CH 3 CN in water (0- 
15%) to give the title compound as a foam after freeze-drying (38 mg; 29%). 

NMR 6: 1.10-1.20 (m, 6H); 1.70-1.85 (m, 1H); 2.60-2.70 (m, 1H); 2.82 (dd, 1H); 3.20 (dd. 1H); 3.35-3.48 (m, 
2H); 3.62-3.72 (m. 1H); 3.90-4.03 (m. 2H); 4.10-4.20 (m, 1H); 7.90-8.50 (m. 5H). 
MS (+ve FAB): 525 (M-H). 

The starting material was prepared as follows: 

To a solution of 2-benzylidene-6-nitroquinoline (4.9 g; 17.7 mM) in pyridine (36.6 ml) and water (6 ml) was 
added portion wise KMn0 4 (7.5 g; 47.8 mM) keeping the temperature between 18 and 20°C. After filtration on 
celite, the solution was acidified (pH3), at 0°C, with H2SO4 (65%). The resulting precipitate was filtered, washed 
with water and ether and then dried to give 2-carboxy-6-nitroquinoline (1.5 g; 39%). 
NMR (DMSOd 6 + CF 3 COOD): 6 8.26 (d, 1H); 8.36 (d, 1H); 8.54 (dd, 1H); 8.90 (d, 1H); 9.17 (d, 1H). 
MS(Cr):219(M+H). 

To a solution of 2-carboxy-6-nitroquinoline (1.5 g; 6.8 mM) in THF (30 ml) was added triphenylphosphln 
(2.7 g; 10.2 mM), allyl alcohol (0.7 ml; 10.2 mM) and DEAD (1.63 ml; 10.2 mM). After stirring at ambient tem- 
perature for 30 minutes, the mixture was extracted with ethyl acetate and purified by subjecting to flash chro- 
matography, el u ting with ethyl acetate/petroleum ether (40/60) to give 2-allyioxycarbonyl-6-mtroquinoline (1.2 
g;71%). 

NMR (CDCCI3): 6 5.0-5.03 (m, 2H); 5.35-5.55 (m, 2H); 6.07-6.20 (m, 1H); 8.34 (d, 1H); 8.47 (d f 1H); 8.52-8.59 
(m, 2H); 8.86 (d. 1H). 

To a solution of 2-aJlyloxycarbonyk6-nitroquinoline (1.25 g; 4.8 mM) in MeOH (20 ml) was added 
SnCI 2 .2H20 (7.65 g, 33.6 mM). After stirring at ambient temperature for 3 hours, the mixture was evaporated 
to dryness and the residue partitioned between an aqueous solution of NH4OH (pH 8.5) and ethyl acetate. 
The organic phase was concentrated and purified by subjecting to flash chromatography, eluting with ethyl 
acetate/petroleum ether (65/35) to give 2-aIlyloxycarbonyf-6-aminoquino!ine (280 mg; 28%). 
NMR (CDCI3): 6 4.93-5.00 (m, 2H); 5.28-5.50 (m, 2H); 6.05-6.18 (m, 1H); 6.90 (d, 1 H); 7.20 (dd, 1H); 7.90 (d, 
1H); 8.04-8.13 (m, 9H). 

To a solution of (2S t 4S}-1-allylc»cycarbonyl-2-cajto (360 mg, 1.3 mM) in 

CH2G2 (15 ml) was added SOCI 2 (865 uJ; 13 mM). After stirring at ambient temperature for 3 hours, the solvent 
was evaporated and dried under reduced pressure. The product was dissolved in CH 2 CI 2 (25 ml) and the re- 
sulting solution added dropwise to a solution of 2-aJryloxycartx>rtyt-6-aminoquinoJine (270 mg; 1.18 mM) and 
N-ethyl dlisopropylamine (432 uJ; 2.47 mM) In CH 2 CJ 2 (10 ml). 

After stirring at ambient temperature for 2 hours, the mixture was partitioned between HG(1 N) and CH2CI2. 
The organic phase was concentrated and purified by subjecting to flash chromatography, eluting with ethyl 
acetate/petroleum ether (65/35), to give (2S,4S)-1-allytoxycartx>nyt-2-(2-aIlytoxycar^ 
moylpyrrolidin-4-ylthioacetate (420 mg; 66%). 

NMR (DMSO-do + CF 3 COOD): 6 1.88-2.03 (m, 1H); 2.34 (s, 3H); 2.77-2.92 (m, 1H); 3.96-4.12 (m, 2H); 4.43- 
4.63 (m, 3H); 4.86-5.30 (m, 4H); 5.72-6.17 (m. 2H); 7.97 (d, 1H); &12 (d, 1H); 8.18 (d, 1H); 8.45-8.56 (m, 2H). 
MS: (+ve FAB): 484 (M+H). 

Prepared n of th protected carbapenem. 
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To a soluti n of the above thioacetate (410 mg; 0.84 mM) in ethan I (5 ml) was added, at 0°C, a solution 
of methylamine in ethanol (5M) (1.02 ml; 5.04 mM). After stirring atambi nttemperaturefor2 hours, the solv nt 
was removed by evaporation and the resulting thiol dried und r vacuum, dissolved in DMF (4 ml) and added 
to a solution of allyl (1R.5R,6S,8R)-6-(1-hydroxyethy1)-1-methyl-2^ 

boxylate (420 mg; 0.84 mM), tri-n-butytphosphine (2.09 pi; 0.84 mM), N-ethyl diisopropylamine (292 jil; 1.68 
mM) and water (15 uJ; 0.84 mM) in DMF (10 ml). The mixture was stirred at ambient temperature for 2 hours. 
After evaporation of the solvent, the residue was extracted with ethyl acetate and purified by subjecting to flash 
chromatography, eluting with ethyl acetate/CH 3 CN (95/5) to give alkyt (1R l 5S,6S r 8R t 2 , S,4 , S)-(2-(1-aJlyloxy- 
carbonyl-2-(2-allyloxy(^itx)nylquinol-6-v^ 
nem-3-carboxylate as a foam (160 mg; 27.5%). 

NMR (DMSOde): 5 1.1-1.2 (dd, 6H); 1.8-2.0 (m, 1H); 2.75-2.90 (m, 1H); 3.25-3.40 (m, 2H); 3.50-3.60 (m, 1H); 
3.90-5.50 (m, 17H); 5.70-6.15 (m, 3H); 7.85-8.50 (m, 5H). 
MS (+ve FAB): 691 (M+H). 

Example 8 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(4-Caitx>xyquinol-^ 
thylcarbapenem-3-carboxylic acid disodium salt 

The title compound was prepared from the allyl protected compound using a similar method to that de- 
scribed in example 7 (Yield: 30%). 

NMR (DMSO + CD3COOD): § 1.08-1.11 (m. 6H); 1.75-1.87 (m. 1H); 2.63-2.75 (m, 1H); 3.20 (dd, 1H); 3.38- 
3.50 (m. 1H); 3.51-3.65 (m. 2H); 3.90-4.00 (m, 1H); 4.03-4.12 (m, 2H); 4.17 (dd. 1H); 7.56 (t. 1H); 7.71 (d. 1H); 
8.27 (d, 1H); 8.71 (d, 1H); 8.90 (d, 1H). 

The starting material was prepared as follows: 

To a suspension of 4-carboxyquinoline (5 g; 28.9 mM) in concentrated sulphuric acid (10 ml) was added, 
at 65°C, fuming nitric acid (9 ml) and concentrated sulphuric acid (9 ml). After stirring at 75°C for 30 minutes, 
the mixture was poured onto ice; the pH adjusted to pH3 and the resulting precipitate filtered and dried to giv 
a mixture of 4-carboxy-d-nitroquinoline and 4-carboxy-5-nitroquinoline which was not separated (4.4 g; 70%). 
NMR (DMSOde): 5 7.97-8.03 (m, 2H); 8.37 (d, 1H); 8.47 (d, 1H); 9.19 (d, 1H). 

The above mixture was treated using a similar method to that described for the preparation 2-allyloxycar- 
bonyl-6-nitroquinoline in example 4, to give a mixture of 4-allyloxycarbonyl-8-nitroquinoline (Yield: 23%) and 
4-allyloxycarbonyi-5-nitroquinoline (Yield: 72%) which was separated by flash chromatography, eluting with 
ethyl acetate/petroleum ether (40/60). 

NMR (DMSOde): 5 4.93-5.00 (m, 2H); 5.32-5.53 (m, 2H); 6.06-6.17 (m, 1H); 7.92 (dd, 1H); 8.17 (d, 1 H); 8.37 
(dd, 1H); 8.88 (dd, 1H); 9.20 (d, 1H). 

4-Ally1oxy-8-aminocarbonylquinoline was prepared from 4-aIly1oxycarbonyl-8-nitroquinoline using a similar 
method to that described fbrthe preparation of 2-allytoxy-6-aminocarbonylquinoline in example 7. (Yield: 92%; 
mp: 44-46%). 

NMR (DMSO-d e + CF 3 COOD): 6 4.94-5.00 (m, 2H); 5.32-5.53 (m, 2H); 6.05-6.20 (m, 1H); 7.61 (d, 1H); 7.71 
(t, 1H); 8.09 (d, 1H); 8.34 (d, 1H); 9.12 (d, 1H). 
MS: (CT): 229 (M+H). 

The side-chain pyrrolidin-4-yl-thioacetate, (2S,4S)-1-allyk)xycaroonyf-2-(4-aItytoxy<»rbony1a^jinol-8-yf- 
carbamoyl)pyrrolidin-4-ylthioacetate, was prepared from 4-allyloxycarbonyl-8-amlnoqulnoline using a similar 
method to that described in example 7. (Yield: 50%). 

NMR (DMSO + CD3COOD): 5 2.04-2.15 (m, 1H); 2.29 (s, 3H); 2.77-2.95 <m t 1H); 3.30-3.46 (m, 1H); 3.94-4.17 
(m. 2H); 4.40-5.52 (m, 9H); 5.63-6.20 (m, 2H); 7.73 (t, 1H); 8.07 (d, 1H); 8.29 (d, 1H); 8.65-8.75 (m, 1H); 9.07 
(d.1H). 

MS: (+ve FAB): 484 (M+H). 

Preparation of the protected carbapenem: 

Allyl (1R.5S,6S,8R,2*S.4'S)-2-(1-ally1oxyra 
ylthio)-6^1-hydroxyethyl)-lHT»ethyf(^rbapenem-3-carboxylate was prepared from the product of the previous 
step, using a similar method to that described in example 7 (Yield: 30%). 

NMR (DMSO-cfe ♦ CD3COOD): 8 1.08-1.24 (m, 6H); 2.02-2.15 (m, 1H); 2.82-2.97 (m, 1H); 3.23 (dd. 1H); 3.47- 
3.57 (m. 2H); 3.82-4.05 (rn, 2H): 4.10-4.30 (m, 2H); 4.47-5.50 (m. 13H); 5.62-6.18 (m, 3H); 7.73 (t, 1H); 8.05 
(d, 1H); 8.27 (d f 1H); 8.65-8.75 (m. 1H); 8.97-9.10 (m, 1H). 
MS: (+ve FAB): 691 (M+H). 
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Example 9 

(1R,5S,6S,8R t 2'S,4'S)-2-(2-(4-Carbaxyquir^^^ 
thylcarbapenem-3-carboxylic acid disodium salt 

The title compound was prepared from the aJlyt protected compound using a similar method to that de- 
scribed in example 7 (Yield: 24%). 

NMR(DMSO-d6 + CD 3 COOD): 5 1.13-1.22 (m, 6H); 1.85-1.95 (m, 1H); 2.83-2.95 (m, 1H); 3.03-3.12 (m, 1H); 
3.20-3.25 (m, 1H); 3.38-3.47 (m, 1H); 3.57-3.68 (m, 1H); 3.81-4.03 (m, 2H); 4.16-4.30 (m, 2H); 7.49 (d, 1H); 
7.73 (t. 1H); 7.88 (d, 1H); 8.00 (d. 1H); 8.82 (d, 1H). 
The starting material was prepared as follows: 

4-Allyloxycarbonyl-5-nitroquinoline was prepared from 4-carboxy-5-nitroquinoline using a similar method 
to that described in example 8 (Yield: 72%). 

NMR {DMSO-de): 5 4.74-4.81 (m. 2H); 5.28-5.47 (m, 2H); 5.93-6.07 (m. 1H); 8.0-8.07 (m, 2H); 8.42 (d. 1H); 
8.59 (d, 1H); 9.23 (d. 1H). 
MS (Cr): 259 (M+H). 

4-Allyloxycarbonyl-5-aminoquinoline was prepared from the product of the previous step, using a similar 
method to that described in example 7 (Yield: 28%). 

NMR (DMSO-d 6 ): 5 4.91-4.98 (m, 2H); 5.30-5.52 (m, 2H); 6.03-6.15 (m f 1H); 7.02 (d, 1H); 7.42-7.45 (m, 2H); 
7.56 (t, 1H); 8.88 (d, 1H). 

Preparation of the side-chain pyrrolidin-4-ylthioacetate: 

(2S,4S) 1-AJIyloxycaitx>ny1-2-(4-allyloxycarbonylquinol-^ thioacetate was pre- 

pared using a similar method to that described in example 7 (Yield: 53%). 

NMR (DMSO-d 6 + CD 3 COOD): 6 1.95-2.12 (m ( 1H); 2.35 (s p 3H); 2.68-2.88 (m, 1H); 3.17-3.33 (m, 1H); 3.90- 
4.10 (m, 2H); 4.43-5.48 (m, 9H); 5.84-6.15 (m, 2H); 7.50-7.62 (m, 1H); 7.63-7.70 (m. 1H); 7.83-7.97 (m, 1H); 
8.08 (d, 1H); 9.05 (d, 1H). 
MS: (+ve FAB): 484 (M+H). 

Preparation of the protected carbapenem: 

Allyl(1R,5S,6S.8R t 2'S.4 , S)-2-(1-a1ry1oxycaro^ 
ylthio)-6-(1-hydroxyethyl)-1-methyicarbapenem-3-carboxylate was prepared from the product of the previous 
step, using a similar method to that described in example 7 (Yield: 25%). 

NMR(DMSO-de + CD 3 COOD): 6 1.11-1.23 (m. 6H); 1.95-2.10 (m. 1H); 2.72-2.90 (m # 1H); 3.27 (dd f 1H); 3.35- 
3.62 (m, 2H), 3.88-4.05 (m, 2H); 4.10-4.30 (m, 2H); 4.40-5.47 (m, 13H); 5.80-6.15 (m, 3H); 7.52-7.68 (m. 2H); 
7.71-7.90 (m, 1H); 8.05-8.13 (m, 1H); 8.96-9.03 (m t 1H). 
MS (+ve FAB): 691 (M+H). 

Example 10 

(1R < 5S t 6S t 8R^ , S t 4 , S)-2-(2-(2-Caitx»yquirK}l-8-y<cai^^ 
thylcaitjapenern-3-carboxylic acid disodium salt 

The title compound was prepared from the allyi protected compound using a method similar to that de- 
scribed in example 7 (Yield: 19%). 

NMR (DMSO-de + CD 3 COOD): 8 1.06-1.11 (m, 6H); 1.78-1.88 (m, 1H); 2.64-2.77 (m, 2H); 3.20 (dd. 1H); 3.40- 
3.68 (m t 3H); 3.90-4.00 (m, 1H); 4.10-4.20 (m, 2H); 7.65-7.77 (m t 2H); 8.18 (d, 1H); 6.53 (d, 1H); 8.73 (d, 1H). 
The starting material was prepared as follows: 

To a solution of 2-carboxyqulnoline (5 g, 29 mM) in concentrated H2SO4 (15 ml) was added a mixture of 
fuming HNO3 (5 ml) and concentrated H2SO4 (10 ml). After stirring at ambient temperature for 30 minutes, the 
pH of the mixture was brought to pH 3.5 with a 50% aqueous solution of NaOH. The resulting solid was filtered 
and dried to give a mixture of 2-carboxy-8-nitroqu incline and 2-carboxy-5-nitroquinoline which was used in the 
next step (5 g, 79%). 

NMR (DMSO-d 6 + CF 3 COOD): 5 7.89 (t, 1H); 8.28 (d, 1H); 8.34-8.43 (m f 2H); 8.77 (d, 1H). 

The above mixture was treated with ally! alcohol using a simOar method to that described for the prepa- 
ration of 2^Hyloxycaitionyl-6-niaioquinoline to give, after chromatography. 2-aily1oxycarbony1-8-nitroquinoline 
(Yield: 30%) and 2-allyloxycarbonyl-5-nitroquinoline (Yield: 50%). 

2-allyl xycarbonyl-8-nitroqu incline: 
NMR (DMSO-de): 8 4.90-5.00 (m f 2H); 5.30-5.55 (m. 2H); 6.05-6.19 (m. 1H); 7.91 (t. 1H); 8.30 (d. 1H); 8.40- 
8.43 (m ( 2H); a80 (d, 1H). MS: (CI*): 259 (M+H). 
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2-Allyloxycarbonyl-8-aminoquinoline was prepared by reducing the product of the previ us step, using a 
similar method to that described in example 7 (Yield: 88%). 

NMR (DMSO-de): 5 4.88-4.93 (m, 2H); 5.30-5.50 (m, 2H); 6.05-6.17 (m, 1H); 6.94 (d, 1H); 7.15 (d, 1 H); 7.43 
(t. 1 H); 8.04 (d. 1 H); 8.35 (d f 1 H). 

Preparation of the side-chain pyrrol idin-4-yithioacetate: 

(2S,4S) 1-Allyloxycaitx>nyl-2-(2-allyloxycaitx)nylquinol-^ was pre- 

pared from the product of the previous step using a similar method to that described in example 7 (Yield: 80%). 
NMR (DMSO-de): 5 2.05-2.19 (m ( 1H); 2.22 (s, 3H); 2.82-2.95 (m. 1H); 3.3O3.60 (m ? 1H); 4.00-4.20 (m ( 2H); 
4.40-5.50 (m, 9H); 5.60-6.20 (m, 2H); 7.70-7.85 (m. 2H); 8.22 (d, 1H); 8.60-8.70 (m, 2H). 
MS (+ve) FAB: 484 (M+H). 

Preparation of the protected carbapenem: 

Allyl (1R,5S,6S3R,2'S,4'S)-2-(1-alryloxyc»rt 
ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylate was prepared from the product of the previous 
step, using a similar method to that described in example 7 (Yield: 45%). 

NMR (DMSO-de + CD 3 COOD): 5 1.12-1.24 (m, 6H); 2.10-2.20 (m t 1H); 2.89-3.02 (m, 1H); 3.25 (dd, 1H); 3.45- 
3.55 (m f 1H); 3.62-3.73 (m, 1H); 3.96-4.28 (m. 4H); 4.48-5.52 (m, 13H); 5.58-6.23 (m. 3H); 7.68-7.80 (m, 2H); 
8.18 (d, 1H); 8.58 (d. 1H); 8.67 (d, 1H). 
MS (+ve) FAB: 691 (M+H). 

Example 11 

(1R,5S,6S,8R,2'S,4'S)-2-(2-(2-Caitx>xyquinol-S-y^ 
t hyl carbapenem- 3- carboxylic acid disodium salt 

The title compound was prepared from the allyl protected compound using a similar method to that de- 
scribed in example 7 (Yield: 33%). 

NMR (DMSO-d 6 + CD 3 COOD): 6 1.13^1.23 (m, 6H); 1.83-1.92 (m. 1H); 2.67-2.77 (m, 1H); 2.85-2.95 (m. 1H); 
3.22 (dd, 1H); 3.40-3.57 (m f 2H); 3.68-3.78 (m, 1H); 3.93-4.03 (m, 1H); 4.05-4.21 (m, 2H), 7.84 (t. 1H); 7.94- 
8.05 (m. 2H); 8.25 (d. 1 H); 8.51 <d, 1 H). 

The starting material was prepared as follows: 

2-Allyloxycarbonyl-5-nitroquinoline was obtained as described in example 10 (Yield: 50%). 
NMR (DMSO-de): 6 4.90-5.00 (m. 2H); 5.30-5.55 (m. 2H); 6.05-6.19 (m, 1H); 8.06 (t, 1H); 8.36 (d, 1H); 8.55- 
8.63 (m, 2H); 9.05 <d, 1H). MS (Cl + ): 259 (M+H). 

2-Aliyloxycarbonyl-5-aminoquinoline was prepared by reducing the product of the previous step, using a 
similar method to that described in example 7 (Yield: 65%). 

NMR (DMSO-de): 8 4.83-4.93 (m, 2H); 5.28-5.50 (m, 2H); 6.03-6.15 (m, 1H); 6.82 (d. 1H); 7.31 (d, 1H); 7.53 
(t, 1H); 7.95 (d, 1H); 8.71 (d f 1H). 
MS: (C\y 229 (M+H). 

Preparation of the side-chain pyrrol idin-4-ylthioacetate: 

(2S.4S) 1-Ally1oxycajt>onyt-2-(2-aJly1oxycai^ was pre- 

pared using a similar method to that described in example 7 (Yield: 63%). 

NMR (DMSO-de + CD3COOD): 6 1.98-2.13 (m, 1H); 2.35 (s. 3H); 2.80-2.98 (m, 1H); 3.27-3.43 (m. 1H); 3.96- 
4:11 (m, 2H); 4.50-4.68 (m, 3H); 4.86-5.52 (m, 6H); 5.84-6.20 (m, 2H); 7.73-7.92 (m, 2H); 8.05 (d f 1H); 8.16 
(d, 1H); 8.50-8.72 (m f 1H). 
MS (+ve FAB): 484 (M+H). 

Preparation of the protected carbapenem: 

Allyl (1R,5S,6S,8R t 2*S,4'S)-2-(1-ally1oxycarboriyf-2-(2-ally1oxycaitjonylqu 
ylt hio>-6-(1 - hydroxyet hyl)- 1 -met hyicarbape nem-3-carboxylate was prepared from the product of the previous 
step, using a similar method to that described in example 7 (Yield: 63%). 

NMR: (DMSO-de ♦ CD 3 COOD): 5 1.17-1.24 (m, 6H); 2.00-2.14 (m, 1H); 2.82-3.00 (m, 1H); 3.28 (dd, 1H); 3.32- 
3.62 (m, 2H); 3.94-4.09 (m. 2H); 4.12-4.30 (m. 2H); 4.53-5.52 (m, 13H); 5.83-6.20 (m f 3H); 7.76-7.92 (m. 2H); 
8.08 (d, 1H); 8.18 (d, 1H); 8.52-8.71 (m. 1H). 
MS (+ve FAB): 691 (M+H). 
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Example 12 

(1 R,5S,6S ,8R,2'S,4'S)-2-(2-(4-Carooxyquinol-2-y1carbam -hydroxy thyl)-1-me- 

thylcarbapenerrv3-carboxylic acid disodium salt 

The title compound was prepared from the ally) protected compound using a similar method to that de- 
scribed in example 7 (Yield: 28%). 

NMR (DMSO-de + CD 3 COOD): 6 1.10-1.21 (m, 6H); 1.80-1.88 (m, 1H); 2.65-2.86 (m, 2H); 3.20 (dd, 1H); 3.35- 
3.55 (m, 2H); 3.62-3.76 (m, 1H); 3.90-4.01 (m, 1H); 4.05-4.20 (m, 2H); 7.52 (t, 1H); 7.62 (t, 1H); 7.86 (d, 1H); 
8.51-8.62 (m, 2H). 
MS: (ES+): 527 (M+H). 

Preparation of the side-chain pyrrolidin-4-ylthioacetate: 

To a solution of (2S,4S)-1-allyloxycarbonyl-2-carboxypyrrolidin-4-yl thioacetate (1 .45 g, 5.3 mM) in CH2CI2 
(15 ml) was added SOCi 2 (5 ml, 68.5 mM). After stirring at ambient temperature for 3 hours, the solvent was 
evaporated and dried under reduced pressure. The product was dissolved in CH 2 CI 2 (25 ml) and the resulting 
solution added drop wise to a solution of 2-amlno-4-carboxyquinoline (1 g; 5.3 mM), N-ethyl diisopropylamine 
(4.5 ml, 26.5 mM) and trimethyfethyichloride (2.2 ml, 1 7.8 mM). The mixture was stirred at ambient temperature 
overnight After extraction with methylene chloride, the material was used in the next step without further pur- 
ification. 

NMR (DMSO-d e + CD 3 COOD): 8 1.85-2.00 (m. 1H); 2.30 (s, 3H); 2.68-2.90 (m. 1H); 3.23-3.47 (m t 1H); 3.86- 
4.05 (m, 2H); 4.40-4.58 (m t 3H); 5.04-5.37 (m, 2H); 5.69-6.00 (m, 1H); 7.60 (t, 1H); 7.77 (t, 1H); 7.88 (d, 1H); 
8.60 (d, 1H); 8.68-8.80 (m, 1H). 

(2S,4S)-1-Ailyloxycarbonyl-2-(2-carboxyquinol-4-yi c»rbamoyl)pyriolidin-4-ylthioacetate was converted 
to (2S,4S)-1-allyloxycail3ony1-2-(2-ally1oxyc^ using a 

similar method to that used in the protecting step described for preparation of 2-alty1oxycarbony1-6-nitroqui- 
noline in example 7 (Yield: 57%). 

NMR (DMSO-d 8 + CD 3 COOD); 8 1.85-2.03 (m, 1H); 2.35 (s f 3H); 2.72-2.90 (m, 1H); 3.12-3.38 <m, 1H); 3.90- 
4.11 (m, 2H); 4.41-4.74 (m, 3H); 4.88-5.50 (m, 6H); 5.70-6.20 (m, 2H); 7.63 (t, 1H); 7.82 (t, 1H); 7.94 (d, 1H); 
8.55 (d, 1 H); 8.73-8.87 (m, 1 H). 
MS (+ve FAB): 484 (M+H). 

Preparation of the protected carbapenem: 

Allyl (1R,5S,6S.8R,2 , S,4 , S)-2-(1-allyioxycarbonyi-2-(4-allyloxycaitonylquino^ 
ylthio)-6-(1-hydroxyethyi)-1 -met hylcarbapenem-3-carboxy late was prepared from the product of the previous 
step, using a similar method to that described in example 7 (Yield: 75%). 

NMR (DMSO-de + CD3COOD): 8 1.10-1 .22 (m, 6H); 1.85-1.98 (m, 1H); 2.76-2.92 (m, 1H); 3.25-3.37 (m, 2H); 
3.48-3.62 (m, 1H); 3.90-4.06 (m, 2H); 4.10-4.28 (m, 2H); 4.40-5.50 (m, 13H); 5.70-6.18 (m, 3H); 7.64 (t, 1H); 
7.82 (t, 1H); 7.94 (d, 1H); 8.55 (d, 1H); 8.76-8.86 (m, 1H). 
MS (+ve FAB): 691 (M+H). 

Example 13 

(1R,5S,6S,8R^ , S < 4 , SV2-(2K7-CajbQxy-2.3-dimethy1quinoxa 
droxyethyl)-1 -methylcarbapenem-3-carboxylic acid disodium salt 

The title compound was prepared from the ally! protected compound using a similar method to that de- 
scribed in example 7 (Yield: 18%). 

NMR (DMSO-de + CD 3 COOD): 8 1.00-1.10 (m, 6H); 1.70-1.85 (m, 1H); 2.59-2.69 (m, 8H); 3.10 (dd, 1H); 2.28- 
3.40 (m. 1H); 3.45-3.58 (m, 2H); 3.81-3.92 (m. 1H); 3.97-4.03 ), (m, 1H); 4.08 (dd. 1H); 8.10 (s, 1H); 9.00 (s. 
1H). 

MS (-ve FAB): 554 (M-H). 

The starting materia] was prepared as follows: 

To a solution of 4-amino-3,5-dinitrobenzoic acid (2 g; 8.8 mM) in THF (30 mt) was added triphenylphosphine 
(3 g; 11.44 mM) allyl alcohol (778 jU; 11.44 mM) and DEAD (18 ml; 11.44 mM). 

After stirring at ambient temperature for 30 minutes, the mixture was extracted with ethyl acetate and puri- 
fied by subj cting to flash chromatography, eluting with CH 2 CI 2 . to giv allyl 4-arrano-3,5-dinitrobenzoate 
(Yield: 100%). 

NMR (DMSO-de): 6 5.81 (m. 2H); 5.20-5.46 (m, 2H); 6.00-6.17 (m, 1H); 8.66-8.86 (m, 4H). 

To a suspension of the above compound (1 .5 g; 5.6 mM) in EtOH (20 ml) was added a solution of a mm nium 
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sulphide (20%, 18 ml). Aft r heating at reflux for 30 minutes, the mixture was evaporated to dryness and the 
residue taken up with water. The resulting solid was treated with MeOH and the insoluW material removed 
by filtration. After evaporation to dryness, allyi 3,4-diamino-5-nitrobenzoate was obtained as a solid (850 mg; 
64%). 

NMR (DMSO-de): 8 4.73-4.78 (m, 2H); 5.23-5.42 (m f 2H); 5.97-6.18 (m, 1H); 7.32 (d, 1H); 8.02 (d, 1H). 
MS: (CI*): 238 (M+H). 

A solution of the above compound (0.5 g; 2.1 mM) and biacetyl (0.258 ml; 2.94 mM) in ethanol (25 mf) 
was heated at reflux for 7 hours. After filtration of the insoluble material, the compound was purified by flash 
chromatography, eluting with CH2CI2. to give 7-allyloxycarbony1-2 f 3-dimethyl-5-nitroquinoxaline (348 mg; 
58%). 

NMR(CDCl3): 5 2.77-2.85 (m t 6H); 4.90-4.95 (m, 2H); 5.33-5.50 (m, 2H); 6.00-6.13 (m, 1H); 8.59 (d, 1H); 8.90 
(d.1H). 

MS (CO: 288 (M+H). 

7-Allyloxycarbonyl-5-amino-2,3-dimethylquinoxaline was prepared from the above compound using a sim- 
ilar method to that described for the preparation of 6-amino-2-allyloxycarbonylquinoline in example 7 (Yield: 
100%). 

NMR(CDCl3): 8 2.68-2.77 (m, 6H); 4.80-4.90 (m, 2H). 5.25-5.50 <m. 2H); 6.00-6.13 (m. 1H); 7.46 (d. 1H); 8.07 
(d.1H). 

MS (Cr): 258 (M+H). 

Preparation of the side-chain pyrrol idin-4-ylthioacetate: 

(2S t 4S) 1-Altyloxycaroonyl-2-(7-allyloxycarbonyl-2^ 
ioacetate was prepared using a similar method to that described in example 7 (Yield: 80%). 
NMR (DMSO-de + CF3COOD): 8 2.03-2.20 (m. 1H); 2.30-2.95 (m, 1H);2.75 (s. 3H); 2.79 (s. 3H); 3.33 (m ( 1H); 
4.0(M.17 (m, 2H); 4.45-5.50 (m, 9H); 5.65-6.18 (m, 2H); 8.26 (d, 1H); 9.00-9.15 (m, 1H). 
MS (+ve FAB): 513 (M+H). 

Preparation of the protected carbapenem: 

Allyl (IR.SS.eS.SR^'S^S^-O-allyioxycaftjonyl^ 
bamoyl)pyrrolidin-4-ytthio)-6-(1-hydroxyet^ was prepared from th 

product of the previous step, using a similar method to that described in example 7 (Yield: 20%). 
NMR (DMSO-d 6 + CD 3 COOD): 5 1 .08-1.25 (m, 6H); 2.07-2.20 (m, 1H); 2.63-Z80 (m, 6H); 2.80-3.00 (m, 1H); 
3.25 (dd, 1H); 3.50 (m, 2H); 3.90-4.30 (m, 5H); 4.40-5.50 (m t 12H); 5.60-6.20 (m, 3H): 8.27 (s, 1H); 9.00-9.13 
(m. 1H). 

MS (+ve FAB): 720 (M+H). 
Example 14 

(1R,5S,6S,8K2'S t 4'S)-2-(2-(4-Caitx>xy^ 
methylcarbapenem-3-carboxytic acid disodlum salt 

The title compound was prepared from the alky I protected compound using a simlar method to that de- 
scribed In example 7 (Yield: 15%). 

NMR:(DMSO-d« + CD3COOD):81.05-1^5 (m, 6H); 1.70-1.80 (m. 1H); 2.60-2.85 (m.2H); 3.15(dd. 1H); 3.25- 
3.50 (m, 2H); 3.55-3.70 (m, 1H); 3.90-4.00 (m, 1H); 4.00-4.20 (m, 2H); 7.50 (m, 1H); 7.75 (d, 1H); 7.85 (m t 1H); 
8.48 (d. 1H). 
MS -ve FAB: 526 (M-H). 

The starting material was prepared as follows: 

4-AJ lyloxyca rbo nyl -2- am i n oqu I nazol in e was prepared from 2-amlno-4-carboxyquInazoline using a similar 
method to that used in the protecting step described in example 7 (Yield: 42%). 

NMR (DMSO-de): S 4.91-4.98 (m f 2H); 5.33-5.49 (m, 2H); 6.QS-6.13 (m, 1H); 7.16-7.30 (m. 1H); 7.50 (d, 1H); 
7.60 (m t 1H); 7.90 (d, 1H). 

Preparation of the side-chain pyrrol id tn-4-ytth ioacetate: 

(2S ( 4S)-1-Allyloxycaitjonyl-2-<4"ally1oxycarbony1quinazolin-2-y1c^ was 
prepared using a method to that described in example 7. 

NMR (DMSO-de): 5 1.90-2.00 (m. 1H); 2.33 (s. 3H); 2.80-3.00 (m, 1H): 3.20-3.45 (m. 1H); 3.90-4.15 (m, 2H); 
4.40-4.55 (m, 1H); 4.90-5.55 (m, 8H); 5.80-6.95 (m, 2H); 7.20-8.40 (m, 4H). 

Preparation of th protected carbapenem: 

Allyl (1R.5S.6S,8R.2'S.4 , S)-2-(1-aUytoxycan^ny+'2-(4^ 
din-4-yithi )-6-(1-hydroxyethy1)-1-m thyicart^penenrv^-carboxyiate was prepared from the product of the 
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previous step, using a similar method to that described in example 7 (Yield: 23%). 

NMR (DMSO-d 6 + CD 3 COOD): 6 1.08-1.25 (m, 6H); 1.80-2.00 (m, 1H); 2.80-3.05 (m, 1H); 3.20-3.70 (m f 3H); 
3.85-4.30 (m, 4H); 4.40-5.55 (m, 13H); 5.70-6.20 (m, 3H); 7.70 (m, 1H); 7.90-8.15 (m, 2H); 8.30 (d, 1H). 
MS (v+e FAB): 692 (M+H). 

Example 15 

(1R t 5S,6S,8R t 2 , S,4 , S)-2-(2-(3-Cartxaxyi3^ 
thytcarbapenem-3-carfaoxylic acid disodium salt 

The title compound was prepared from the ally! protected compound using a similar method to that de- 
scribed in example 7 (Yield: 30%). 

NMR (DMSO-de + C0 3 COOD): 8 1.14-1.23 (m, 6H); 1.82-1.94 (m f 1H); 2.68-2.80 <m. 1H); 2.82-2.92 (m, 1H); 
3.21 (dd, 1H); 3.38-3.58 (m f 2H); 3.64-3.78 (m. 1H); 3.93-4.02 (m. 1H); 4.15-4.22 (m. 2H); 7.83 (t, 1H); 8.04 
(d, 1H); 8.25 (d, 1H); 8.64 (s f 1H); 9.40 (s, 1H). 
The starting material was prepared as follows: 

3-Carboxy-5-nitroisoquinoline was prepared from 3-carboxyisoquinoline using a method similar to that 
used for the preparation of 2-carboxy^-nitroquinoline in example 10 (Yield: 93%). 
NMR (DMSO-de + CF 3 COOD): 5 8.04 (t, 1H); 8.71 (d, 1H); 8.77 (d, 1H); 9.10 (s, 1H); 9.64 (s, 1H). 

3-Allyloxycarbonyt-5-nitroisoquinoline was obtained from the product of the previous step using a similar 
method to that described for the preparation of 2-allyloxycarbonyl-6-nitroquinoline in example 7 (Yield: 45%). 
NMR (DMSO-de): 5 4.90-4.96 (m. 2H); 5.28-5.50 (m, 2H); 6.05-6.17 (m t 1H); 8.06 (t, 1H); 8.72 (d, 1H); 8.78 
(d, 1H); 9.14 (s. 1H); 9.65 (s, 1H). 

3-AllyfoxycarbonyI-5-aminotsoquinoline was prepared using a similar method to that described for th 
preparation of 2-allyloxycarbonyf-6-aminoquinoline in example 7 (Yield: 90%). NMR (DMSO-de): 5 4.80-4.95 
(m, 2H); 5.23-5.50 (m. 2H); 6.04-6.17 (m, 1H); 6.95 (d, 1H); 7.30 (d. 1H); 7.51 (t, 1H); 8.82 (s, 1H); 9.15 (s. 
1H). 

Preparation of the side-chain pyrrol idin-4-ylthioacetate: 

(2S.4S) 1-A]ly1oxycartK)nyt-2-(3-allyioxycai^ was 
prepared using a similar method to that described in example 7 (Yield: 71%). 

NMR (DMSO-de + CD3COOD): 6 2.00-2.13 (m t 1H); 2.33 (s, 3H); Z80-2.87 (m, 1H); 3.30-3.43 (m t 1H); 3.98- 
4.13 (m, 2H); 4.50-4.73 (m f 3H); 4.82-5.53 (m. 6H); 5.78-6.17 (m. 2H); 7.82 (t. 1H); 7.95-8.05 (m. 1H); 8.06 (d. 
1H); 8.73 (s, 1H); 9.39 (s f 1H). 
MS: (+ve FAB): 484 

Preparation of the protected carbapenem: 

Ally! (1R i 5S,6S,8R,2 , S,4'S)-2-(1-8Jlytoxycaj1w^ 
din-^y1thio)-6-(1-hydroxyethy1)-1-methy1(^ut>apenerrv^-c^ was prepared from the product of th 

previous step, using a similar method to that described in example 7 (Yield: 43%). 

NMR (DMSO-de + CD3COOD): 6 1.10-1.23 (m. 6H); 1.95-2.10 (m. 1H); 2.82-2.97 (m, 1H); 3.25 (dd, 1H); 3.28- 
3.63 (m, 2H); 3.90-4.04 (m, 2H); 4.13-4.22 (m, 1H); 4.23-4.30 (m, 1H); 4.50-5.50 (m, 13H); 5.75-6.18 (m. 3H); 
7.85 (t. 1H); a02-8.15 (m, 1H); 8.62-8.83 (m, 2H); 9.42 (s, 1H). 
MS (+ve FAB): 691 (M+H). 



Claims 

1 . A compound of the formula (I) 
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wherein: 

R 1 is 1-hydroxyethyi, 1-fluoroethyl or hydroxymethyi; 
R 2 is hydrog n or C^aikyl; 
R 3 fe hydrogen or C^alkyl; 
P 1 is of the formula: 




and one or two of A,B f C,D,E,F,G and H, are nitrogen and the remainder are CH; and P 1 is bonded to th 
nitrogen of the linking carbamoyl group by a carbon atom, in either ring. Is substituted by the carboxy group 
on a carbon atom, in either ring, and is optionally further substituted, on a carbon atom, in either ring, by 
up to three substituents selected from halo, cyano, C^alkyl, nitro, hydroxy, carboxy, C^alkoxy, trifluor- 
omethyl, C^alkoxycarbonyl, amino, C^alkylamino, di-C^alkytamino, C^alkylSfO),,- (wherein n is 0- 
2), C^alkanoyfamino, C^alkanoyiCN-C^alkyOamino, carbamoyl, C^alkenyloxy, C^alkylcarbamoyl 
and di-C^aJkyl carbamoyl; or a pharmaceutical ly acceptable salt or In vivo hydrolysable ester thereof. 

A compound according to claim 1 wherein R 2 is methyl. 

A compound according to claim 1 wherein R 1 is 1-hydroxyethyl. 

A compound according to any one of claims 1 to 3 of the formula (IV): 




] I N^Srf ^ u (iv) 

wherein P\ R 3 , and optional substituents on P 1 are as defined in claim 1. 

A compound according to claim 4 wherein optional substituents on P 1 are selected from halo, cyano, C^alkyl, 
nitro, hydroxy, carboxy, C^alkoxy, carbamoyl, amino, trif I uoro methyl and allyioxy. 

A compound according to claim 1 which is 
(1R,5S,6S,8R^ , S,4 , S)-2^2-(a<art»^ 
methylcart)apenern-3-carboxylic acid; and 
(1R,5S,6S,8R^S,4'S)-2^2-(6-carboxyquinol^^^ 
methylcanSap^nem-3-carboxylic acid; 
(1R,5S,6S,8R^'S,4*S)-2^2-(7^rtKDxyqm 
methylcartwp^nem-^-carboxylic acid; 
(1R.5S,6S.8FL2'S t 4*S)-2^2-(3H3a^ 
methytcart>apenem~3-c8rboxylic acid: 
(1R,5S,6S,8R^S,4*S}-2^2-(2-carboxyquinoI^ylra 
methylcart>apenenrK3-carboxylic acid; 

(1R f 5S,6S,8R,2'S,4 t S)-2^2^3^rt>oxy-6-allyloxyquinol-2-ytcarbamoyl)pyr 
ethyt)-1^ethylcart>apenen^3K^rboxylic acid; 

(1R,5S,6S,8R.2'S,4 t S)-2^2>(2^i1>oxyquinQJ^yfcarbamoyl)pyrrolidin-^ylthi )-6-(1-hydraxyethyt>-1- 
methylcart>apenem--3-carboxylic acid; 
(1R t 5S,6S,8R^S,4 > S)-2^2-(4-carbcxyqu!nd 
methytcart)apenem-3-carbQxy(ic add; 
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(1 R.5S t 6S,8R2 , S.4 , S)-2^2-(4Karto^ 

m thylcarbapenem-3-carboxylic acid; 

(1R,5S,6S,8R^S,4'S)-2^2-(2-carboxyquinol-8-ylc^^ 

met hylcarbape nem-3-carboxy lie acid; 

{1R,5S,6S ( 8R,2'S f 4*S)-2-(2-(2-canboxyquin^ 

met hylcarbape nem-3-cartx5xylic acid; 

(1R,5S,6S,8R,2*S f 4 , S)-2^2-(4-cart«xyquinol-2-ylcarbamoyl)pyrrolidin-4-ylthio^ 
methylcarbapenem-3-carboxylic acid; 

(1R,5S ( 6S,8R f 2 t S,4 , S)-2^2-<7^rt)oxy-2,3-dimethylquinoxalin-5.y(carban^ 

hydroxyethyl)-1-methytcarbapenern-3-carboxylicacid; 

(1R,5S,6S3R,2'S f 4 , S)-2-(2-(4^rt>oxyquina^ 

met hylcarbape nem-3-carboxylic acid; 

(1R.5S,6S,6R,2*S,4*S)-2^2-(3-cart>oxyisoquino]-^ 

met hylcarbape nem-3-carboxylic acid; 

and pharmaceutically-acceptable salts thereof. 

A pharmaceutical composition which comprises a compound according to any one of daims 1 to 6 and a 
pharmaceutical! y acceptable carrier. 

A process for preparing a compound according to claim 1 which comprises deprotecting a compound of 
the formula (V): 




wherein R 2 is as defined in claim 1 ; R ia is a group R 3 (as defined in claim 1) or an amino protecting group; 
R 13 is a group R 1 (as defined in claim 1), protected hydroxymethyl or 1 -(protected hydroxy)ethyl; R 11 is 
hydrogen or a carboxy protecting group; R 12 is hydrogen or an amino protecting group; P 1 is as defined 
in daim 1; 

R 16 is a carboxy group or a protected carboxy group and wherein any optional substituent on P 1 is as de- 
fined in daim 1 and is optionally protected; and wherein at least one protecting group is present and there- 
inafter if necessary; 

(i) forming a pharrnaceutically acceptable salt, 

(it) esterif ying to form an in vivo hydrolysable ester. 

A process for preparing a compound according to daim 1 or a compound of the formula (V) as defined 
in daim 8 which comprises: 

a) reacting compounds of the formulae (VI) and (VII): 




(VII) 



wherein P\ R 2 . R 10 , R 1 \ R 12 R 13 and R 18 are as defined in daim 8. optional substituents on pi are as 
defined in daim 8 and L is a leaving group, or 
b) cyclising a compound of the formula (VIII): 
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(VIII) 



wherein P 1 R 2 , R 10 , R 11 , R 12 , R 13 and R ia are as defined in claim 8. optional substituents on P 1 are as 
defined in claim 8 and R 1 \ R 15 and R 16 are independently selected from C^slkoxy, aryloxy, di-C 1 _ e al- 
kylamino and diarylamino or any two of R u -R 16 represent o-phenylenedioxy or one of R 14 -R 16 is C^al- 
kyl t ally!, benzyl or phenyl and the other two values are independently selected from C^alkyi, trifluor- 
omethyl or phenyl, wherein any phenyl group is optionally substituted with C^lkyi or C^alkoxy; and 
wherein any functional group is optionally protected and thereinafter if necessary: 

(i) removing any protecting groups; 

(ii) forming a pharmaceutically acceptable salt; 

(iii) esterifying to form an in vivo hydrolysable ester. 

A compound of the formula (V) as defined in claim 8, of the formula (VII) or (VIII) as defined in claim 9, 
or of the formula (IX), (XII) or (XIV): 




(IX) 



(XII) 



(XIV) 



wherein P\ R 2 R ,0 -R 13 and R 18 are as defined in claim 8 and R 17 is a protecting group. 
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